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Fore-word 




HE marvelous developments of the present day in the field 
of Civil Engineering, as seen in the extension of railroad 
lines, the improvement of highways and waterways, the 
increasing application of steel and reinforced concrete 
to construction work, the development of water power 
and irrigation projects, etc., have created a distinct necessity 
for an authoritative work of general reference embodying the 
results and methods of the latest engineering achievement. 
The Cyclopedia of Civil Engineering is designed to fill this 
acknowledged need. 

C The aim of the publishers has been to create a work which, 
while adequate to meet all demands of the technically trained 
expert, will appeal equally to the self-taught practical man, 
who, as a result of the unavoidable conditions of his environ- 
ment, may be denied the advantages of training at a resident 
technical school. The Cyclopedia covers not only the funda- 
mentals that underlie all civil engineering, but their application 
to all types of engineering problems; and, by placing the reader 
in direct contact with the experience of teachers fresh from 
practical work, furnishes him that adjustment to advanced 
modem needs and conditions which is a necessity even to the 
technical graduate. 
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C The Cyclopedia of Civil Engineering is a compilation of I 
representative Instruction Books of the American School of Cor^ 
respondence, and is based upon the method which this school 
has developed and effectively used for many years in teaching 
the principles and practice of engineering in its different 
branches. The success attained by this institution as a factor I 
in the machinery of modern technical education is in itself the ] 
best possible guarantee for the present work. 

C Therefore, while these volumes are a marked innovation in 
technical literature — representing, as they do, the best ideas and 
methods of a large number of different, authors, each an ac- ] 
knowledged authority in his work — they are by no means an 
experiment, but are in fact based on what long experience has ' 
demonstrated to be the best method yet devised for the educa- | 
tion of the busy workingman. They have been prepared only ' 
after the most careful study of modern needs as developed 
under conditions of actual practice at engineering headquarters ■ 
and in the field. 

C Grateful acknowledgment is due the corps of authors and 
collaborators — engineers of wide practical experience, and 
teachers of well-recognized ability — without whose co-opera- 
tion this work would have been impossible. 
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PLOTTING AND TOPOGRAPHY. 



DEFINITIONS AND OUTLINE OF WORK. 

1. Definition. Topography is the art of making a graphic 
representation, (a) of the outlines of all water courses and bodies of 
water, (b) of all forms of relief of the surface of the ground, and (c) 
of all artificial features and structures built by man. In general the 
art consists in representing all these features in such a way that they 
are most easily intelligible from the map; while economy requires that 
the methods employed shall l)e such as to make a map which shall 
give all the necessary information with a minimum of work in sur- 
veying and drafting. 

2. Sc^e of Map. (A general discussion.) One of the first 
things to be decided is the scale of map to he used, for on this decision 
will depend the character of the w-ork which is to be done. For 
example, if the map is to \ye plotted on a small scale it will be useless 
to do the surveying work with a closeness of detail which it will be 
impracticable to represent on such a small scale. The scale of map * 
must depend on the use which is to be made of it, as will be discussed 
later. On the one hand a very small scale \v\\\ mean that dcwsired 
details cannot be readilv shown or else can onlv be shown by the 
draftsman using the most extreme care, and on the other hand, a 
large scale will mean that if the survey covers a considerable area of 
ground the map will be inconveniently large. In brief, the true 
criterion for the scale of the maj) is that it should be drawn to the 
smallest scale which will properly represent the topographical fea- 
tures which must be accurately shown on the recfuired map. 

3. Method of Field Work. (Determination of its general 
character.) The choice in the method of field work depends on the 
same considerations as govern the re<juired scale of map. On the 
one hand, the method adopted should have a praciicahle accuracy 
suflBcient to properly represent all required features. The practi- 
cable accuracy of any given method is only known to those who have 
learned by actual experience the uncertainties involved in that 
method. But on the other hand, time and effort siiould not be 

Copi/right, VMS, by American School oj Correapondtnce. 
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sacrificed in plotting minute details with painstaking accuracy when 
it is known by experience that such accurate work cannot have any 
practical utilization. When an engineer is making an " exploratorj' " 
sur\'ey through a comparatively imknown tract of country, he may 
be content with detennining elevations with a barometer, the direc- 
tions of the lines with a hand compass, the slope of lines with a hand 
level or clinometer and distances with a pedometer (pace-measurer) 
or (xlometer (an instrument which records the revolutions of a wheel 
of known circumference, which is rolled over the route traversed). 
These crude methods have the merit of great rapidity and cheapness 
and can be ma<le with sufficient accuracv to determine whether that 
general n)ute should be immediately rejected or dcvserves further 
consideration and a mort* accurate surv-ev. The above, which is 
called a reconnoissance, applies chiefly to railroad work. \\Tien a 
topographical survey of a large area is to be made regardless of the 
method of utilization, such a reconnoissance survey is made chiefly 
for the purpose of planning the detailed work, selecting trian^rrula- 
tion stations (if the triangidation method is to be used) and deter- 
mining the method best suited for the results to be accomplished. 
For example, military surveys are frecpiently made on horseback or 
from a boat passing on a stream or lake, "^fhe three elements of dis- 
tance, direction and elevation are determined with only a low degree 
of accuracy, but in the hands of trained men it is sufficient for the 
purpose of these surveys. To {)ass to the other extreme, geodetic 
surveys, w^iich have a.s their ultimate object the determination of 
the fonn of the earth, employ the most refined methods which inge- 
nuity can devise to eliminate sources of inaccuracy which even in 
ordinary surveying are considered negligil)le. 

4. Plotting. (The general method to be adopted.) This, 
similarly, depends on the metluKl of field work and the scale of the 
map. Small scale maps are used to represent a very large area of 
coimtry. Usually nothing is indicated except the most important 
features. Th(» outlines of the largest bodies of water, such as oceans, 
lakes and rivers are represented as closely as is practicable. Im])or- 
tant cities are represented by arbitrary signs such as dots and small 
circles. For special pur|>oses (such as for railroad maps) the rail- 
road is represented in a verj' exaggerated way. But on the other 
hand, as the scale of the map grows larger, more and more of the 
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details can be represented, until on the larger scale maps, even the 
nature of the crops in individual fields will be represented by appro- 
priate topographical signs. When the relief of the ground is to he 
shown, and especially if it is of importance to represent it with 
accuracy, the usual method is to show it by contours. Since these 
lines are apt to be mistaken for other lines, such as roads, rivers, 
etc., the device of employing different colors for the various topogra- 
phical signs is employed. When one individual map is to be made, it 
is practically as easy to use the various colors as to employ the single 
color of black, and it is therefore usually wise to employ different 
colors for such maps. But when maps are to be printed the color 
method will require several impressions for each sheet, which is 
expensive. This feature vn\l be discussed later. If it were practi- 
cable to take a photograph of the entire area of country to l>e surveyed 
fmm a balloon, which was at a sufficient height above the ground to 
l)e surveyed, it would give what might be considered in some respects 
an ideal representation of the area to be surveyed. But such a pic- 
ture would be in many respects useless. Many small but most 
important features woukl be almost indistinguishable. The essence 
of proper plotting consists in representing, perhaps in an exaggerated 
form, those features which it is especially desired to show on the map, 
and omitting other details which are of no practical importance, at 
least for the particular purpose for which that map is made. The 
method of plotting contours also permits an accurate representation 
of differences of elevation which would be unobtainable from a bal- 
loon picture. 

Since the final result of a topographic survey is the map and 
since the method of surveying to be used depends on the scale of the 
map and the nature of the physical characteristics which are to be 
represented on the map, the various methods of mapping will be 
first described. 

TOPOGRAPHIC MAPPING, 

5. Large Scale Maps. Topographic maps are frequently 
made as the basis on which to design constructive work, such as 
buildings, factories, dams, reservoirs, sewerage and waterworks 
systems, canals, railroads, etc. Each case has its own peculiar 
features with regard to the topographical details which must be 
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represented and the accuracy with which they must be measured 
and plgtted, but a scale of 100 feet per inch is usually large enough, 
unless the details are to be given with great precision or tlie whole 
area is so small that a scale of 50 or even 10 feet per inch will not 
make a large map. At a scale of 100 feet per inch, every building 
can be drawn in its actual form and dimensions (to the nearest foot), 
and even the separate rails of a railroad track may be clearly indicated. 
At such a scale, a map 30 inches square (including the liorder) will 
show about a half-mile each way or a quarter of a square mile in 
area. This is sufficient for many purjwses and the scale is therefore 
largely used. There are but few natural objects (such as are usually 
required to be shown on maps) which cannot l>e shown in their 
natural scale. This, however, does not apply to the conventional 
signs used to indicate various kinds of vegetaticm — when it is required 
to show these. An accurate photographic view of the^e things 
would be useless as well as impracticable, and a conventional sign 
for each, which is frequently a suggestive indication of each on an 
exaggerated scale, must be employcnl even on the largest scale maps. 
6. Small Scale Maps. Even when large scale maps are 
separately drawn to indicate details at s|)ecial places, thei*e is a great 
advantage in having maps on a scale so small that a very large area 
may be shown on a single map of convenient size. On such maps, 
although the general locations of buildings, etc., are desired, their 
exact shape or size is comparatively of no imjK)rtance. The United 
States (icological Survey indicates residences even on maps of the 
scale of approximately one mile to the inch by minute squares of 
solid black. They are but little over ^ J ^, of an in<'h square, and, 
therefore, would indicate (strictly) a scpiare building a little over 
.")() feet square. Even a far greater approximation as to size and shape 
would serve the purpose. As the area to be represented grows 
larger this requirement nuist be met by (a) increasing the size of 
the map until it approaches the limit of convenient size for handling, 
(b) l)y making sectional maps, which for some uses arc^ impracticable, 
or (c) by decreasing the scale. When the scale is decreased the same 
data may be shown by plotting the work finer. Tliis has been car- 
ried to an extravat]rant limit bv the United States Uoast and (Jeodetic 
Survey, whose maps are excee<lingly expensive to prepare, re<juire 
the finest grade of draftsmen, and which almost recjuire a microscope 
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to determine the details. Perhaps the most practicable method of 
decreasing the scale is by judiciously eliminating details which will 
have little or no value for the immediate purpose for which the map 
is made, or by modifying the conventional signs employed in such a 
way that they will convey sufficient information without sacrificing 
simplicity and clearness. As we decrease the amount of matter 
plac*ed on a map, we increase the clearness and ease of distinguishing 
those things which are shown. The United States Coast Sur\'ey 
maps, being made for general use, are so crowded with minute 
details that they have a very **flat'' appearance, each line being 
nec^essarily so very fine that it requires verj' close examination to use 
the map, and this renders it difficult to use the map in a *' broad" 
way, with the eye at a distance from it. While the inexperienced 
engineer should be very cautious to avoid the omission of details 
which might prove useful or essential and should err on the side of 
sur\'eying and reconling too much in the /ield, yet the experienced 
engineer will save time in the field and improve the character of his 
map by omitting details which his experience tells him will certainly 
not be needed in the work for which the map is to be used. When 
an engineer is making a map for a special purpose, such as railroad 
work, he has no justification in crowding the map with details which 
might be of importance in some other kind of work, but which will 
not under any circumstances be of importance in the contemplated 
railroad construction. 

7. Contours. A contour is the intersection of the irregular 
surface of the earth by a level surface. The student should note 
that, although a level surface is practically a plane surface when 
small areas are considered, yet it is really a curved surface, being the 
surface that the ocean would assume if it were to rise to the assumed 
level. The simplest method of appreciating the nature and location 
of contours is to consider them as the shore lines formed by the ocean 
if its surface were to be raised successively to the different levels 
assumed for each contour. The various levels are always taken at 
ecfual vertical interv'als, the intervals varying with the scale of the 
map and the character of the country. For the closest of detail work 
on a larger scale, such as might be used for landscape gardening, a 
contour interval of one or two feet might be necessary. Hut for ordi- 
narj' purposes five feet or more is used as the contour interval. The 
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topography ref|iiirefl for preliminan* railroad surveys is usually done 
with a .>foijt contour inten-al. The topop^phical sun'eys as made 
l>y the Unite<I States ^leolo^cal Sur\'ey. and which are plotted at a 
Si-ale of one or two miles j>er inch 'apprtiximately), are made with a 
c-ontour interval varjinj: from 2(> to 10(> feet, the 100-foot inten-al 
lx»in^ necessarj- when* >teep niiiuntain ranges are to be represented. 
There are certain principles reganling contours which the stu- 
dent must keep in mind and l»y which he may avoid errors in doing 
thi> work. Barriii<r a few ex(^[)tional cases which will be mentioned 
later the followin;; principles may \>e laid down: First, a contour is 
alwavs a continuous Hue inclosing: an an*a; second, since that area 
may, and frcnjuently doe>, run off the map the contour may nm from 
one <Hl«re of the map to any other |)oint on the t*dge; third, a contour 
line is always a continuous line— it never stops abniptly; fourth, con- 
tour lino do not cniss each other or mergt* into each other. The ex- 
cept iou> to the alxivc rules «>ccur only where the contours run into an 
artificial vertical wall ur a precipice whi<h is actually vertical. In 
the very mnisual rn^e of an overlian^nng cliff the contours might 
actually ctoss each other verA- sli^rhtly, hut with such exceptions 
which would he readilv recoirnized when thev occur, the al)ove 
priiicij^les uuiy he considered as true, and when the principles are 
violate<l on a map. it may he considerc^l as evidence of incorrect 
work. Neatness of work re<|uires that the contours should l)e inked 
in 1)V lines of uniform color and width. In onler to make .sure that 
the lines are of uniform width they should 1h' inked in with a **ruHng 
pen" and never with a "nil) pen." If the inkinj; in of the amtours 
is (lone in one continuous operation, the lines will pn)l)al)ly have a 
more uniform color and thicknes>. The contour elevations arc 
alwavs iriven with reference to some datum i)lane. .•^uch as .sea level,* 
and the elevations are always a nniltiple of the contour interval. 
For example, if the contour interval is 20 feet and the datum plane is 
sea Icvcl, then each contour elevation will he a nudtiple of twenty, 
even tliou'^h the whole tract is far al)ove sea level. The contours 
nii'rht he at elevations (>()(), <iS(). 7(K), 710, etc. Then the (UK), 700, 
soo-foot contours would l)e made extra heavy, and could he more 
readilv (listin<:uislied even in steep places where the contours would 
be verv close togetlier. 
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The contours should be numbered at frequent intervals, so that 
the elevation of a contour at any point may be determined by following 
it for a very short distance to the nearest ** ladder'' of numbers. The 
student is referred to Plates I, II and III for illustrations of this point 
as well as many others. 

. Ilachures. The representation of tlie relief of a country by 
hachures has been almost entirely suj>erseded by the above described 
method of contours. Hachures are objectionable, first, because 
their representation with even a pretence of accuracy and neatness 
is exceedingly laborious; secondly, because at their very best 
they do not have the accuracy of contours; and thirdly, the map 
is so covered by them that other desired topographical forms are 
practically crowded out. The chief use of such a method is to give 
a general idea of the character of the country w'hen the sur\ey has 
not been made in sufficient detail to render j)ossible an accurate 
representation of contours. Under such conditions there is usually 
such a lack of detail on the map that the hachures will not crowd out 
the other desired topographical features. Incidentally the hachures 
when well done will make a verj^ '* pretty'* map, when the map is 
really lacking in topographical detail. Maps of exploratory' surveys 
are apt to have this character. The hachures can be used to give 
a very approximate representation of mountain peaks, gorges, etc., 
whose forms are determined only by very approximate sketching 
when the observer is possibly one or two miles away from them, and 
absolutely no instrumental work is resorted to in determining their 
elevation. In order to construct hachures with an approximation 
of accuracy it is desirable to sketch in contour lines with a pencil at 
equal vertical intervals. The hachures are lines which are assumed 
to be perpendicular to a contour line at every point of their length, 
or in other wonls, and speaking geometrically, they represent in each 
case and at everj' point of their length the steepest line at that point 
of the surface. On this principle the lines should be perpendicular 
to the contour lines and also perpendicular to any intermediate con- 
tour which might be inter|X)lated l^etween the contours which are 
drawn. This means that the hachures should be in general more or 
less curved. (The student shoukl study Fig. 1 while reading this 
explanation.) The steepness of the slope will therefore be indicated 
by the length of the separate hachure lines, but the steepness is also 
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indicated still more graphically by increasing the thickness of the 
hachures on the steeper slopes. In other words, hachures are made 
shorter and wider for steep slopes and longer and narrower for 
flatter slo|)es. The method of hachuring has been developed so as 
to attempt to indicate the degree of slope by a systematic variation 
of the distance between the lines, but this method is exceedingly 
laborious and very inaccurate unless an amount of time is spent on 
it, which is very wasteful and impracticable. The general principle 
in hachure representation is that the darker the shading the stee{)er 
is the slope, and that any considerable space in white means a sur- 
face which is practically level. In Plate IV is shown a representa- 
tion of the hachure method as employed on a large scale by the 
United States Coast Survev. I'he student mav at once observe the 

exceedingly lalx)rious char- 
. J'.-'V.;//^" acter of the work and the 

.,--'V-''''V-^A:(;' "'viliJB^i'^^I^^P^' "P *^ space which might 
/ :'• • .^r - ' - '.Vi '^^y.N^)^^^ otherwise l)e utiHzed in the 
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"(V; \0 \^ representation of other top- 

* -.; '"■ ' : )\ - ' ogniphical features. Hach- 

Fig. 1. Hachuros (Dotted T.inrs indicate ivmii "^^''*^ \v<x\^ the advantage of 
coustrmiiou i^i"-^^v^^^^^^^^^^ ^"^ Kv.ntuaiiy c-aljing attention to the stccp- 

ness of sIo])es, which may be 
of extreme importance on military maps where accuracy is by no 
nieans essential, l)Ut on wliicli the fact of a steep slope, even if it 
is no mjore than a l)ank of earth, is of importance. Hachures may 
thus be used to represent an artificial or natural embankment when 
there is no other representation on the map showing any relief fea- 
tures of the ground. 

Plate V illustrates the Coast Survey method of representing 
relief bv means of contours and vet cmplov l)ut one color. A com- 
parison of Plate V with Plate II F shows at once the great value of 
using three colors to represent the various topographical features. 
It also shows the j)ractical difficulty even by the competent draftsmen 
employed by the Coast Survey to make such a completed map in but 
one color. Although the contours are undoubtedly more accurate 
and will give a close approximation of the elevation of any desircxl 
point, yet the hachured map of Plate IV is actually the more pleasing. 
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8. Determination o( Contours. The method of determina- 
tion of contours depends on tlie scale of the map and of the accuracy 
with whicli the work must be done. Several methods are here des- 
cribed which vary in accuracy, in the instruments employed and in 
the labor required for doing the work. 

"Gridirm" method. This 
simple method consists in estab- 
lishing a "gridiron" of squares 
or rectangles over the desired 
area and determining the eleva- 
tion of each intersection point. 
The great a^lvantage of this meth- 
od is its simplicity. The disad- 
vantages are that neither the con- 
tours nor the salient points will 
in general agree with the points determined. Many points are 
observed needlessly while other essential points located within the 
rectangles are only determined by approximation from adjacent 
points. Thfc work may l»e done approximately with hand level, 
rod and tape, but a transit and wye-level are also used with this 
method. 





Fig, 3. Cnntour>i—Orciss-Sci't 1^,11 Mi?ilii>il. 

" CnMssfcHon " method. A broken line, consisting of straiglit lines 
between instrument stations is run with a transit or otiicr angle 
measurer and a tape. At certain intervals, usually 100 feet, fn)ss 
Unes are nin at right angles to the traverse lines. See Fig. .'i. The 
elevation of the 100-foot sul>-stations are ail determined, and from 
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them the elevation and position of points on the offvset lines l)econie 
known. Usually the intersection of the offset lines with the various 
contours is determined. The method of doing this is illustrated in 
Figs. 4 and 5. Knowing the elevation of the sul>stations, a point 
on the offst»t line is readily found by trial which is at the recjuired 
contour elevation. The location of points with vertical intenals of 

r> feet is then verj^ simple, as 
shown in the figure. The con- 
tours are thus determined di- 
rectlv. '^Tlie alK)ve methods 
are onlv used when the areas 
are comparatively small (hut 
perhaps of indefinite length, 
as in railroad work), or when 
the contour interval is snudl and close results are essential. 

''Stadia'' mcfhal. This method has a skeleton like the traverse 
metho<l, but even the distances between stations and their elevations 
are obtained bv the stadia svstcni. Xo lOO-foot sub-stations are 
located. From each station jK)int, '* shots'' are taken to all desired 
points, not only for the sake of establishing contours but also to locate 
all desired topographical features. Incidentally the elevations of 
these points, which would be determined, will assist in determining 
the contours more* closely. It is generally found in practice that when 
all desircMl details have been lo- 
cate<l "in position and elevation, 
the contours are detennined with 
but few, if anv, additions of 
points which are located solely 
for contour purposes. The math- 
ematical theorv of the stadia has 
already been given in Plane Sur- 
veying, and theivfore will not be 
repeated here. Only practice will 
teach the engineer how to locate the .stadia points so as to obtain all 
the necessarv information and also to obtain the most informati<m 
with the least surveying. 

9. Plotting the Contours. IVs before state<l, the j)oints are 
supposed to l>c so located that straight lines joining any two adjacent 
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points will lie approximately in the surface of the ground. On this 
assumption the location of any contour which comes between two 
located points is a mere matter of dividing the horizontal distance 
between the points into parts which are proportional to the differences 
of elevation of the given points and the contour. For example, the 
elevation of one point is 162.0 and of another 167.8. The 165-foot 

•11 -1 .1 r I . !_ , 165.0-162.0 3.0 , , 

contour will evidently he between them and at ., ,^ ^ — ^ = — of the 

horizontal distance between them from the lower point. This is the 
theoretically exact solution. But since it depends on an appmxima- 
tion the experienced draftsman can make a rapid mental solution 
of the proportion which will be as accurate as the data justifies. If 
there are two or more inter- 
mediate contours the same J678 
general method may be ap- 
pHed for each, but the sim- 
plest method will be to 
locate first the contours im- 
mediately adjacent to each 
point and then interpolate 
any intermediate contours. 
After determining where 
each contour will cross the 
line joining each pair of sur- 
veyed points the contours may be drawn in by connecting the cor- 
responding intersections. Practical modifications of this' theoretical 
method will be made by the topographer or draftsman to allow for 
minute variations in the contours which may be sketche^l in with suf- 
ficient accuracy since, the area between determined points will always 
be small. 

Practice among topographers varies very greatly in the details 
of ol)taining contours, varying from the one extreme of making the 
method as purely mechanical as possible (which implies excessive 
work if it is at all accurate) to the other extreme in which instru- 
ments are only used to obtain a few points of control and then to fill 
in the intermediate spaces by sketching. Men of long experience 
will do marvellously close work with ver}- few and very simple instru- 
ments, but the inexperienced man will do more reliable work by obtain- 
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ing with close instrumental accuracy all of the important points and 
contour points with close frequency, only depending on sketching 
to fill in veiy' small areas in which inaccuracies would be unable to 
accumulate. ^ 

10. Telemetry. This name is applieil to the various methods 
of measuring distances without the direct use of a taj)e or chain. 
No space will hei^ be given to a description of the many ingenious 
but essentially impracticable special instruments which have been 
devised for this purpose. In general they are incapable, for prac- 
tical reasons, of giving accurate results, or else they are expensive to 
constnict, heavy to carn% comparatively useless for other purpovses, 
and therefore not generally adopted. The three methods hereinafter 
described have the advantages that thev are merelv attachments to 
an engineer's transit and that the additions to the weight and cost of 
the instrument are comparatively insignificant. 

11. Vertical Arc Method. From one standpoint, this method 
hardly deser\'es to be classed as a regular meth(xl. Its disadvantages 
are so great that no one should depen<l on it as a standard method, 

but it is fre(|uently useful when 







• ^tr t f,f,r f n 



no other method is available. 
The essential principle is that 

Fig. 7. Vertical Arc Methcxl. «f ^lie SolutioU of a triangle, of 

which one side and two angles 
are known. The rod is supposed to be held vertically. In the 
special and most simple case shown in Fig. 7, a nxl reading is 
taken with the line of sight level. Then a rod reading is taken with 
the line of sight inclined at some measured angle. In the right- 
angle triangle thus formed the horizontal distance etjuals the rod 
reading divided by the tangent of the vertical angle. But in general 
the rod will be at some elevation \f ith respect to the transit so that 
neither line of sight is level. In Fig. S the angles a and h are both 
measured. The angle c=^00° — a. Then in the triangle/ J H two 
angles and a side are known and the two other sides may be com- 
puted, and from them and the vertical angles the true horizcmtal dis- 
tance and the difl^erence of elevation may l)e computed. The one 
advantage of this method is that it can be used with any transit, 
which is provided with a vertical arc. The disadvantages are many; 
(a) two vertical angles must be measured and recorded for each point 
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observed; this adds to the field work; (b) an oblique triangle and then 
a right triangle (or two right angle triangles, as illustrated) must be 
solved for each point obsen-ed; this makes the office work very labor- 
ious, and it is impracticable as a r^ular method, in spite of the fact 
that it may be systematized by tabulating the results for even values 
of the vertical angle, the most convenient even values l)eing used and 
the corresponding rod readings 
obsenwl; (c) the practical ac- 
curacv obtainable is vitiated bv 
the fact that the transit is han- 
dle<l and the telescope is moveil 
in the intenal of taking the two 
readings; if the base of the in- 
strument were mathematicallv 
immovable during the complete 
operation (as it is assumed to be) 

there would Ije no trouble, but it is practically known that a micro- 
scopically minute jarring may take place which may he enough to 
vitiate the accuracy of the work done; (d) at a distance of 1)00 feet, 
and a rod reading intercept of 5 feet, the vertical angle would l)e 
0° 34' (to the nearest minute); the vertical arcs of most transits will 
not read closer than minutes and many of them are not depc»ndable 
even for that ; in the alx>ve case, an uncertaint . of one-half minute in the 
vertical angle would mean an uncertainty of over seven feet in the dis- 
tance, which demonstrates the practical limit of accuracy of the meth(xl. 

Example. In Fig. «S let the angle a -~ 5° 30', the rod reading 
l)eing 1.72, and the angle h ~- 4° 50', the rod reading being 0.45. 

From the figure we may write 

J j^ ^ Kl A' J_\ J IT 

tan 4° oO' ~ • tan 5° 30' 

,\KJ tan 5° 30' ^KJ tan 4° 50' f J // tan 4° 50' 
K J (tan 5° 30' - tan 4° 50') =J II tan 4° 50' 
J II tan 4° 50' 



KJ = 



.-. / A' - 



(tan 5° 30' - tan 4° 50') 
AV 0.45-1.72 



J II = 0.45- 1.72 



4 7'^ 
= --''-: 403 feet 



tan 4^ 50' (tan 5^ 30' - tan 4° 50') .011 73 
K J - 403 > tan 4° 50' -- 34.0S. KG - 34.0<S -|- 6.45 - 40.53. 
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If the height of the instrument, / />, '-= 4.90, then the difference 
of elevation of L and is 40.53 - 4.1M) = 35.63. As an illustration of 
the probable inaccuracy of this method, a vanation of one-half 
minute in the value of either of the vertical angles ^nll make a differ- 
ence of over five feet in the computed value of / A'. 

12. Qradienter Method. The instruments for gradienter 
work are shown in Figs. 70, 71 and 75, in Part II. of Plane Sur\'e}nng. 
l^he fundamental principle and use of the gradienter is described in 
the first part of Part III of Plane Surveying, and it therefore vnW not 
be repeate<l here. The method of using the gradienter to obtain 
distances and differences of elevation when the line of sight is inclined, 
are also given, and it is shown that the reduction equations are exactly 
the same as those rec|uired for stadia work. The practical difference 
between gradienter and stadia work, therefore, lies in the relative 
rapidity of the mechanical work and in the relative accuracy obtain- 
able. It should be noted that the gradienter recjuires two settings 
of the horizontal cross-wire on the rod. This is sometimes done bv 
setting the screw of the gradienter at certain even divisions, so that 
it is turned, say 2, 3 or 4 whole revolutions between the two sights 
and then reading the rod at whatever reading there may happen to Iw; 
or the two readings on the rod are taken at even-foot divisions on 
which the cmss-wire is mon* easily set, and then the screw readings 
are read at whatever point they may happen to be. The latter 
method is probably the more accurate and rapid, especially if two 
targets placed on a \eyv\ rod have been uswl to sight at. For all 
inclined sights the vertical angle nuist also l>e read. The time re- 
(juired is greater than that for stadia work, but the worst feature of 
the gradienter method is th(^ limitation of practical accuracy. The 
theory' presupposes that the base of the instrument is absolutely rigid 
during the com[)lete operation of taking the upper and lower readings, 
l)ut the telescopt* must be moved, the instrument must be touched, 
and the gradienter screw turned between the taking of the two rea<l- 
ings. Hie mere fact of touching it and the interval of time required 
j ;'= between the two readings is often siijficient to cause a motion of the 

!♦,' instrument, which, ahhou^di microscopicallv minute, will l>e sufficient 

' '! to vitiate the accuracv of the work done, and unfortunatelv there is 

'. • • •■ 

no practical means of detecting whether any such inaccuracy has 
actuallv occurred. In stadia work no motion of the instrument is 
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made between taking the upper ami lower readings. The instru- 
ment may (and should) be absolutely untouche<l. The eye can 
examine the reading for both upper and lower wire re{x»atedly to see 
whether any motion has occurred in the ven* short inter\'al of reading 
the separate i^nres. In the case of the gradientcr, the motion may or 
may not take place. Even if no inaccuracy were caused in this way, 
even once in a hundred times, there is alwavs the uncertainty and 
impossibility of detecting • such an error unless the readings are 
repeated, which, of course, would be a great waste of time. The 
method of reduction of stadia obsen^ations by means of tables, dia- 
grams, or logarithmic slide rule, which is elal>orated further on, may 
be applied equally well to the reduction of gradienter observations. 

The disadvantages of the gradienter may be summed up as fol- 
lows: (a) The screw thread wears rapidly until it becomes inaccurate; 
(b) it requires considerable time to take each observation as it should 
he taken; (c) the possible jarring of the instmment while any one set 
of observations are being taken makes the results uncertain if not 
actually inaccurate. The chief advantage lies in the facility with 
which lines of any desired grmle may \)e run. After l)eing proj)erly 
levelled, the number of turns and fraction of a turn indicates innnedi- 
ately the grade of the line of coUimation of the telescope in per cent, 

i3. Stadia Method. The theon- of the stadia has already l)een 
given in Plane Sunenng Tpp. 120-125), and therefore, will not be 
repeated here. The methods of making and recording the field 
obser\'ations were also elaborated. The work of **n»<luciiig" the 
obser\'ations is, however, ven* lal>orious, unless it is facilitated bv 
some of the methods hereafter descril)ed. In general everA* obsena- 
tion is made at some angle aljove or l>elow the horizontal. Theoreti- 
cally this reduces the nominal horizontal distance somewhat and 
requires a computation for the difference of elevation. Practically, 
the correction for the horizontal distance is t(K) small for notice when 
the vertical angle is ver}* small, but even the limitations of that ror- 
recti<m must l>e known liy coniputatir)n. Ue<tatin<r the ecjuations 
given on page 12.") of Plane ."^urveyinir we have 

Ilor. Dist. C X . y' fos" / j r\ (•(»< /. and 

Diff. Kiev, n X = I / *' sin 21 - / • 'v ^i" I- 

t 
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III thost* i»iri:iiii»n^ • i- t!ie n*! intenvpt. / the fiK*;il leii^li, / the 
ilisiaiuv tifi\vo»n i:.r -taiii;: win-- in thr tfK'<o»jK* ami / tlie angle of 

iiu'linatUMi of t::o Ihw i-f si^'iit. . i^ n^i:allv iiiaik- UML . 

14. Numerical Accuracy Obtainable in Stadia Measure- 
ments. (V* o»'irM\ a viTtii al an- i< an evM-niial featiin» of a transit 
iKtsI ioT <uui\i\ work. I '1:1 liio ai-* :irai.y nf ilu* wrtical an«:les ileix'nds 
on I ho aiv'iirai V \\\\:\ \\\\wh liir whi-.U- in^trinncnt is lovolleil. Tlie 
\Aaw \n\hh\c> oi a:i i>n!ir.ary oii^riiuvr'^ tran-iit. while amply accurate 
for ilioir prituary ::<o of v.iakiii^ the j»Iati's s«» nearly horizontal that 
tho aiiM!\uv of liori.onia! ar.Jrs i^ not vitiaiitl. soMoni have a siiffi- 

■ 

riouiarvuraw io»>!>Ta:'/. viTTi.al aiijles a< clorn.* as the neart\st minute 
of a:^ . aiul fveii'Ui'.tlv riu ir an-.irarv !«» far U-ss than this. One method 
of ol^viaTini: liu- i:\ui: :ra*v i< T«» ileTi-nnine l>v n'lK'atiil Reversions of 
\\w lu^wuuwwi . wl'iilr it i^ \h'\\\j: Mt nj». that the horizontal plate is 
inilv luMi.omal. o" i'l oiI'.it wotiI-. iliat the vertit-al axis is tnilv vor- 
tiral. ihuN elimlnaniu' a^:y rrn»r .if aJjustinent i.f the plate hnhhles. 
\\\\\ v\cu ihi^ nuMl'.oii. tiulr-*^ re]«eaii'i! evrrv frw luinmes at a eostiv 
saniiire oi unw, will nor p:vv,*;H i;iaii'nrarie< tlue to the settling 
t»f ihr inNtnnnent: nor will it ai it^ lu'si n-mler {M>ssil)le any close 
aiinvarv of tlu* voniral anirli'^, -^iiur tlu* l»til>Mes an* not snfficientlv 
sriiNitive. A iran^ii for NM,!iit wi-rk ii^iiallv ha> a lar*re Inihhie 
iiiuirrnraih ihr t»'i«'Nrop»'. v.!iii!i i«» iinnh nion* >eiisitive. and on 
\\hi» l> ;i nio\rnu-iM of i'.M" oi arr will » i»rri'NjH»nil to al>ont one division. 
\\\r\\ if lin^ i>uM«K* i^ in porftHi ailiw^tn^iriu. ir will iV necessary 
\o inalvi' a ir^i rvi-ry fow moiiuTit- i»\ rlampini; the telescope at 
r\a»t hori.ontalilx aut! noting: wlioiiier iht* vernier i»f the \ertical arc 
rcaiU . I'ro i>r ira*!-- tlu» aniiM.nT i^i \\^ "iiiih'x tM-ror." When it dtK\s 
not ili» ^♦K it iniiii airs ihai the iii^irmnent ha^ Mettled somewhat in 
I ill' «;;roniHl anil lia> diercl»y iuM(Mne tlirown out i^i Icvi'l to some extent. 
A f:ir iu'iler 11 let hod i> to have the vernier of the vertical arc rt*adily 
aiiju'-laijle and with a ^uHieienily M'n>itive l»ni)hle attached to it. 
When d^i^ hnhMe ha-^ l^'en properly adiu>led. any sli«;ht motion of 
till- iiiNtnnnent due lo MMtlenient lan lie reatlily neiitralizcMl hy an 
jidjn^tinent of tin' verniiM* arc. whiili will then ^^ive each vertical an^le 
mrreeilx. Hui it ^h»»nlil l>e noted tlint Nince verti<-al anules ari» onlv 
iTjid h» single niiinneN. the --iirhtN dionM iu>t he made excessively long 
rseept wlien they are taken merely fi^r >omewhat a])pn»\iinate jair- 
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poses in which a considerable inaccuracy would be tolerable. For 
example, at a distance of KXK) feet a difference in vertical angles of 
0° y will equal .29 of a foot or S\ inches. Such a stadia shot would 
be justifiable at that distance to obtain a "contour point/' but unless 
the whole work was approximate, a Stadia station should not l>e 
located with such inaccuracy. On the other hand, for short distances 
the stadia method gives results which are amply accurate for its pur- 
pose. It is not, of course, supposed that the method would be used 
to replace wye leveling. But when, as is usually the case, the stadia 
method is used for preliminary surveys or else to fill in the topography 
between the points whose relative positions and elevations have 
already been determined by triangulation and by leveling, then errors 
have no chance to accumulate and the method has the combined 
advantages of great rapidity, cheapness and sufficient accuracy for 
the purpose. One great bar. to its use has been a lack of knowledge 
regarding the principles involved or a lack of knowledge of the fact 
that the reductions can he so readily made by means of slide rules. 
Much of the work now being done is "reduced" by the use of tables 
and numerical multiplications, which are certainly very slow and 
laborious and which would almost condemn the method for practical 
use if they coukl not be avoided. In making the above reductions, the 
student can solve them by the use of trigonometrical tables, although 
that is the most laborious method. A set of stadia tables (see Table I) 
is given with this course of instruction, and the student should solve 
the problems given later on, using these tables; if in addition he can 
secure the use of a stadia slide rule, he can determine for himself the 
economy of time obtainable. Of course the student must expect 
that it will be a little difficult at first to use any stadia slide rule until 
he becomes accustomed to its manipulation, but a short experience 
with it will convince him that it will pay for itself in a very few days. 
If possible, the student should solve the problems (as well as others 
which he can himself make up) by all of the three methods referred to, 
and thus determine for himself the relative facility of doing the work. 
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OFFICE WORK. 

15. Reduction of Observations. The ordinary numerical 
trigonometrical reduction of each observation by the ccjuations of § 13 
is so laborious that such a practice would render the method impracti- 
cable; (/ + c) is usually about 12 to 15 inches; cos / is always less 
than unity, but for ordinary small angles is but little less than one; 
therefore (/ + c) cos / is always verj' nearly one foot. Considering 
that one foot is the smallest unit of measurement which it is practi- 
cable to use in obser\ing stadia distances, the practical accuracy is 
not vitiated by considering that term invariably as one foot. \\Tien 
the angle / is about 5° 45', cos^ / =.99 and the horizontal distance 
would be 1 per cent less than its nominal value of 100 /, or 100 times 
tlie rod reading. At ontvhalf this angle (2^ 52') the correction would 
be about i of 1 per cent. This gives an indication of wl^en the cor- 
rection will be large enough to deserve accurate computation. It 
may be also obser\'ed that for small angles sin / is nearly equal to 
i sin 2 /; for 10° the discrepancy is about J of 1 per cent; therefore 
we may say approximately that the difference of elevation B N= 
(100 5'+ 1) (2 sin 2 7). For angles of less than 10°, such as would 
usually be the case between stadia stations when the levels are particu- 
larly important, the error is a very small fraction of an inch and unob- 
servfible with the instrument. Even with a vertical angle of 30°, the 
error of the approximation would be less than 0.1 foot, which is the 
lowest unit for contour levels. We mav therefore deduce the follow- 
ing practical method in which all approximations are within the 
lowest units of measurements. For small verticcal angles, the hori- 
zontal distance ecjuals ]{K) times the rod reading plus one foot. For 
larger vertical angles multiply 100 times the rod reading by the square 
of the cosine of the angle of inclination and add one foot. The prac- 
tical method of doing this will be given later. For the difference of 
elevation, add one foot to 100 times the rod reading and multiply 
this by one-half the sine of twice the angle. There are three shortened 
methods of accomplishing these trigonometrical multiplications; 
(a) tables, (b) diagrams, and (c) slide rides. 

The first is by means of tables which shorten the operation to 
the extent of giving directly cos^ I and \ sin 2 / for all desired values 
of /, but this involves two numerical multiplications which are tedious. 
See Table I. 
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The second method is by means of a large chart or diagram. 
There are many forms of tliese, but they are usually essentially as 
follows: there are two sets of ordinates, one representing distance 
(the nominal rod reading times 100) and the other the desired quantity. 
Lines are drawn from the origin for each desired angle so that the 
intersection of any angle lines with any distance ordinate will give 
an ordinate of the other system which will give the desired (|uantity. 
The practical difficulty lies in the fact that if made conveniently 
small, the scale is so small that the results are inaccurate. When 
they are sufficiently enlarged they are clumsy to handle. The larger 
sizes should be used and they are capable of good work. 

The third method is by means of slide rules. These are but an 
adaptation of the onlinary slide rule since the process is merely one 
of multiplication. One scale is marked with degree and minute 
marks at the proper places for the numerical values of those trigono- 
metrical functions. By setting the zero of the angle scale at the 
given distance (100 times the nxl reading) on the other scale and then 
noting the mark for the observed vertical angle, it will be found 
opposite the required difference of elevation. The true horizontal 
distance may be most easily found by modifying the above formula 
so as to compute the correction to the horizontal. Cos" = 1 - sin '. 
Therefore by multiplying 100 times the rod reading by sin^ /, we 
obtain a correction, which is seldom more than 5 or 10 feet, which is 
subtracted from the nominal distance. In the practical use of the 
scale it will be found that this quantity may l>e more readily read off 
from the scale than the true horizontal distance, and as it is only a 
few feet the subtraction is readily made mentally while it is l)eing 
recorded. Colby's slide rule only gives the difference of elevation. 
The K. & E. stadia slide rules are engine-<livi(led on white facings 
and give both the difference of elevation and true horizontal distance 
with one setting of the rule, but the length of the logarithmic unit is 
verj' short, which makes it correspondingly difficult to obtain close 
values. The Webb stadia slide nde luus a logarithmic unit 12.5 
inches long, which was made possible by the use of the cylindrical 
principle, and this enables the values to be easily read with as close 
accuracy as stadia work will justify. The horizontal distance is obtained 
by computing the correction to the horizontal from the siiv function. 
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16. Numerical Examples. 1. The rod reading for a stadia 
shot was 3.74 and the vertical angle was + G° 22'. What is the true 
horizontal distance and the difference of elevation ? The horizontal 
distance would l)e, according to the approximate rule, 100 «' cos" /. 
Cos G° 22' -^ .9938. Squaring this number we have .98765, which, 
multiplied by 374 = 369.4. Adding 1 foot we have 370.4. The 
only approximation in the above is on the assumption that (/ -h c) 
cos 1=1 foot, but as before stated, the error of the approximation 
is so small that it may be disregarded. In fact, the tenths in the dis- 
tance given above should also be disregarded, since the rod i-eading 
is taken only to the nearest hundredth of a foot, which corresponds 
to an even foot in horizontal distance. The difference of elevation 
is evidently equal to \ X 100 X 3.74 X sin (2 X 6° 22') + (/ -r r) 
sin 6° 22'. This reduces to 41.22 + 0.11 = 41.33. Since sin 
6° 22' = .1109 while J sin 12° 44' =- .1102, the approximation 
referi*ed to al)ove only equals .0007 (f + c) which equals in this case 
.0084 inches when the (/ + c) = 12 inches. Since it is useless to 
attempt to take levels closer than 0.01 of a foot which equals .12 of an 
inch it is thus seen that the above approximation is far within the 
limits of accuracy. Therefore we can see at once that the difference 
of elevation equals (374 -r 1) A sin 27, which in this case equals 41.33, 
which is the same value as before. 

The above solution was made by the long and usually impractic- 
able process of taking the multipliers from an ordinar}' trigonometrical 
table. The method is simplified by employing what is called a 
"stadia reduction table," such as is given in tlie back of this lx)ok.. 
Looking in the column headed 6° we find opposite 6° 22' the value 
98.77. If we multiply 98.77 l)y 3.74, the rod reading, we obtain 369.4 
as before; adding 1 we have 370.4. For the difference of elevation 
we multiply the number corresponding to 6° 22', which is 11.02, by 
3.74, and obtain 41.21. This practically is the same value as before, 
the difference, which is really but a fraction of a hundredth of a foot, 
being caused by a slight inaccuracy in the lavSt figure in the table. 
At the bottom of the table we find that when (/ + c) -- 1, as we have 
assumed above, the quantity to be adde<l for difference of elevation ~- 
.11, which gives a total of 41.32, which is the value we previously 
obtained by the long process. This process is therefore considerably 
shorter than the first, although it involves two multiplications. The 
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third method is to use a diagram. As it is impracticable to illustrate 
a diagram which would have any practical value for this purpose on 
the pages of such a book, w^e must be content ^ith a mere description 
of the process as described in section 15. Stadia slide rules are illus- 
trated later on. (See Section 3*3, Figs. 25, 26 and 27.) To use them 
w^e simply need to set the zero of the angle scale Tor perhaps some 
other specified mark in a multiple scale) opposite the mark on the 
distance scale which represents the rod reading; then opposite the 
mark on the angle scale, which indicates the angle of elevation or 
depression, we may read directly on the distance scale the difference 
of elevation. For example, in the above case, and using the Webb 
Stadia Slide Rule, we would set the left-hand end of the scale, which 
gives the "difference of elevation" and which contains the angles 
between 6° and 7°, on the mark indicating 375, then looking for G° 22' 
on the angle scale, which would be found by interpolating lx»tween 
the mark for 6° 20' and G° 25", we may rea<l at once 41.3. This is 
always sufficiently accurate for contour work, and unless extreme 
care has been taken to have the instrument in perfect a^ljustment it 
is as close as the difference of elevation can l)e depended upon at a 
distance of 375 feet. This operation requires but a few seconds of 
time. To obtain the correction to the horizontal distance, we place 
the left-hand end of the rule gi^^ng "Hor. corr.'* for 6° 22' on 375 of 
the main scale and note that the angle marked G° 22' occurs at yj^ 
of 460, showing that the horizontal correction is 4.6, which would 
give the tnie horizontal distance as 370.4 as before. This is even 
more accurate than is necessary, and we would call the true horizontal 
distance the even number 370 feet. 

Example 2. Verify the following results obtaineil with an instru- 
ment whose (/ -r c) = 12 inches. It should be noted that a lai^ 
vertical angle is not usually combined with a great distance, as that 
would mean an extreme difference of elevation. The following 
examples have purposely been chosen to cover almost every case that 
will occur in actual practice; namely, short distances and slight differ- 
ence of elevation; long distances with small vertical angle; and short 
distances and large vertical angles, such as occur when surveying 
through a gorge and side shots are taken up the steep banks of the 
gorge. Tlie student should note in each case that the approximate 
rules will usually apply. 
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17. Reduction of Field Notes. This topic is mentioned chiefly 
with a view of giving a warning. With a few exceptions which 
will be noted, there should be no such thing as a "reduction of field 
notes/' or in other wor<ls, the notes taken in the field should be com- 
plete and the sunTyor should never wait to get back to the office and 
then depend on his memory to complete the notes. A desire to make 
the notes neat and to do the work under more favorable circumstances 
of office surroundings and suitable temperature, will often tempt the 
surveyor to make the field notes very meagre and then depend on 
them and on his memory to make a more complete set after the office 
is reached. Under special circumstances this may be justifiable, but 
in general every essential fact should be recorded in the field. The 
only exception to this may be stated in a broad way to be such reduc- 
tions and additions as can be unmistakably made from the field 
notes taken. An example of such reduction is the computation of 
the difference of elevation and the correction to the horizontal dis- 
tance which must be computed from stadia measurements. Wlien 
circumstances will pennit, it is prcferal)le to make even these reduc- 
tions in the field, Jis may be readily done if a stadia slide rule is used, 
and then plot the work on a sketch board. The surveyor should 
cultivate the habit and ability to make sketches in the field which 
shall be approximately to a correct scale and which will settle in- 
disputably tlie ambiguity which often ari.ses from field notes ex- 
pressed simply in words and mnnbers. Therefore with the excep- 
tion of mathematical processes, which are perfectly definite and which 
may be made more conveniently in the office after the surveying 
work is done, there should l)e no "reduction of field notes." 

18. Plotting of Farm Surveys from Field Notes. Some of 
the statements in the last paragraph apply especially to this subject. 
A sketch of the farm, as is illustrated in " Plane Surveying,*' page 119, 
Fig. 83, shoukl always l)e made in the note book. Such a sketch is 
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of even greater importance than the more formal notes in columns 
such as are illustrated on page 118, for the sketch alone would serve 
the purpose if care is taken to record everything on it, while the notes 
in columns are frequently subject to ambiguity. To put it more 
strongly, it requires the greatest skill to make the formal notes so that 
they will not be ambiguous. The plotting of farm notes will there- 
fore consist of making a copy of the sketch, but with all dimensions 
drawn accurately to the desired scale instead of roughly and inac- 
curately as in the sketch. The scale of sketch to l>e adopted of 
course depends on the amount of detail which it is desired to show 
on the map. If possible, tlie map should l)e oriented so that the 
meridian points up, but this may be impracticable on account of the 
form of the farm, or the direction of its longest dimension. As a 
matter of practical accuracy, the direction of the meridian line should 
be immediately detennined by penciling a long line that nins approxi- 
mately through the center of the map, then all lines should be plotted 
hi acconlance with their angle from this meridian line. If latitudes 
and departures have already been computed it is far more accurate to 
determine the direction of the boundary lines by scaling off the lati- 
tude and departure of each line. If it is necessary to use a protractor, 
then the protractor should be as accurate as possible. The very 
small protractors having a radius of about 2 inches, which are fre- 
quently found with a cheap set of drawing instruments, are worthless 
for accurate topographical plotting. If a protractor must be used, 
it is far better to purchase an 8-inch or even a 14-inch paper protractor 
which can be bought for 20 or 40 cents. With care this will last a 
long time and will be far more satisfactor}' than the small metal or 
horn protractors which are frequently used. 

Another method of laying off angles accurately is to use a table 
of natural tangents, using a decimal scale, say 20 to the inch. Five 
inches of this scale is divided into 100 parts and by interpolatio?^. it 
may be read to 1000 parts. Lay off this 5 inches on a line and erect 
a perpendicular to that line at the 5-inch point. Suppose that the 
angle to be laid off is 10° 45'; the natural tangent taken fn)m a table 
is 0.301. Therefore, scale off on the peq)endicular with the **20 
scale" 80.1 divisions. A line to the starting point will make the 
required angle of 10° 45' with the given line. Since the length of 
the perj>endicular would be unreasonably long with angles which 
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approached 90°, the preferable method would be to erect a perpen- 
dicular to the given line at the point from which the angle was to be 
made; lay off the 5 inches on that perpendicular, erect a line perpen- 
dicular to it (or parallel to the original line) and determine the tangent 
of 90° minus the given angle. Of course, if still greater accuracy is 
desired, a longer base line than 5 inches can be used. Other details 
of the plotting of farm sur\'eys, which are applicable to other forms 
of plotting, will be given subsequently. 

19. Plotting of Profile From Level Notes. Profiles are al- 
most invariably plotted on "profile paper." There are three gen- 
eral methods of ruHng the lines on profile paper, and the pai)er 
adopted will depend somewhat on the use to he made of it. Vertical 
lines are ruled \ inch apart, sometimes J inch ai)art. Horizontal 




Fig. i). Plottiuy Angles from Tangent. 

lines arc ruled 20, 2,") or 30 to the inch. The paper comes either in 
sheets al)out 42 inches long and 15 inches high, or else in rolls which 
are 10 or 20 inches wide and 50 yards long. Sometimes the paper 
is mounted on muslin and sometimes the rulings are made on tracing 
paper or on tracing cloth. The levels are always referred to some 
datum plane, which is lower than any elevation jto be recorded. Each 
fifth horizontal line is ruled somewhat heavier than the others and 
one of these lines should be selected as the line indicatinjr some even 
multiple of 5 feet above datum plane. Some little ingenuity is often 
necessary to choose the proper line, so that the profile will run neither 
too high nor too low. The scales, both horizontal and vertical, 
which are to l)e used, must be selected with rt^ferencc to the character 
of the work to be shown. The horizontal scale will usually vary 
from 100 to 400 feet to the inch. At a scale of 400 feet to the inch, 
each vertical line therefore corresponds to 100 feet of horizontal dis- 
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lance. I'siialty parh horizontal 
line (spares jV of an inch apart i 
means 1 fix>t of elevation, or in 
other wonis, the vertical scale i-s 
20 feet to the inch. Since the 
engravetl lines iisnally cover a 
vertical space of lo inches, this 
scale will allow a muf^ of profile 
of 300 feet. If 20 feet i>er inch is 
chosen as the vertical scale, anil 
the total vertical ranpe of the 
pn>file does not exceed .100 feet, 
then the whole profile may lie 
placed without a lireak on such 
a sheet, hut the choice of lines 
to represent any f;;iven elevation 
niust lie nia:le acconlingly. When 
a larger vertical scale i.-i .hosen 
or the range of elevation is great- 
er, as it is apt to 1)0 for a con- 
tinuous railroad jirofile, a hrcak 
may be made by raising or lower- 
ing the profile an even minilKT of 
feet; for exam])le, by making a. 
change at some vertical line by 
which the elevation indicated bya 
given horizontal line is abruptly 
changed, say UH) or 2(K) feet. 

Mark on the profile Mhcet the 
elevation corrcs} ion ding to the 
lioriy.ontal lines loid also the di.s- 
tances <-iirresponiling with the 
vertical lines, then having re- 
i-orile<l in the uote-lxH.k the eleva- 
tions above the diilnni phuie of 
every .lesir.-.l point Iti the profile, 
pint each point al ils pn.per pr- 
sition iietvirding to the lioriKoiiliil 
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scale and likewise according to the vertical scale. A line drawn 
through these several points will give the profile of the surface. If 
it is desired to establish a given grade line on that profile, the location 
in distance and elevation of the governing points of that grade line 
should then he plotted and the grade Kne drawn through them. 
I'sually this grade line will lie alternately alcove and below the sur- 
face line and we thus have a graphical representation of the amount 
of cut or fill required at any point. 

20. Plotting^ of Stadia Survey Notes. Stadia surveying is 
almost invariablv based on a skeleton which has been surveyed with 
a higher grade of accuracy than is possible with mere stadia work. 
This skeleton is usually made by triangulation, and therefore errors 
cannot accumulate beyond those incident to a survey between two 
triangulation stations. Of course, the sub-stations between the tri- 
angulation stations are determined wholly by stadia measurements, 
and if the area to be survx^yed is very small, this may c*onstitute the 
skeleton of the whole work regardless of any triangulation stations. 
If triangulation has been used, then the triangulation stations should 
be first plotted with all the accuracy that is possible. The next step 
will be to run the traverse lines which connect the stadia sub-stations 
and which run between the triangulation stations, as well as shorter 
traverse lines which might be used to connect staxlia stations and form 
a net work. The stadia work for the lines between stations should 
be done with such accuracy that there is no appreciable error or 
closure when connecting the triangulation stations. If any such 
error is found, it should be investigated, and if it amounts to a great 
deal, it may indicate some gross blunder in the field work. One 
method of investigating such blunders is to compute the latitude and 
departure of each course oi' the traverse. The algebraic sum of these 
should l)e the latitude and departure between the two terminal sta- 
tions, and the amount of the discrepancy will indicate whether it 
should be ascribed to mere cumulative inaccuracy or to some gross 
bhuider at some one place. When the closure has finally been settled 
with satisfactory accuracy all stadia stations will have been plotted. 
The reference line for azimuths in stadia work is usually a meridian 
line, but whether it is so or not, that reference line should be drawn 
through each station and sub-station from w^iich stadia shots have 
been taken. A full circle ])r()tractor is the most convenient instru- 
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ment to use for this puqx)se, and although a protractor inches in 
diameter, when used carefully, may answer the purpose, it is preferable 
to have one of a larger size even though it is engraved on paper. 
Number all the stadia shots at each station and with its zero Une run- 
ning along the azimuth reference line, mark by dots on the edge of 
the protractor the angles as given for the various shots taken from 
that station. As each one is marked, indicate the mark very Hghtly 
by a number, which is the number of the shot. Usually all the shots 
taken from any one station may be marked oflF with a single placing 
of the protractor; then, removing the protractor, scale off from the 
stadia station the various distances for each shot, nuiking a dot at the 
recpiired distance and drawing around it a small circle very lightly in 
pencil to aid in finding its position. Indicate immediately in pencil 
the elevation of the point, which elevation should have l^een pre- 
viously computed and recorded in the note book. This also serves 
to identify the point. \ATien two or more points have been obtained 
to determine the comers of buildings, bridges or other structures, 
the points should be imme<liately connected so as to render the signifi- 
cance of the points at once more intelligible. It may even be prefer- 
able to indicate very lightly in pencil the general run of the contours 
through the elevations which have been obtained, since every new 
indication on the map will render it plainer and enable the rest of the 
work to be put on with less danger of making blunders. By making 
all marks with a hard pencil and without bearing on veiy hard, mis- 
takes may be corrected without excessive erasures, which might spoil 
the paper, and yet the penciling will be suflSciently plain so that it can 
be inked in when it is found to be satisfactory. This is particularly 
true in the matter of connecting the contour lines which have been 
determined from various staxHa stations. After indicating all desired 
features, the azimuth reference line through each stadia sub-station, 
as well as other features which have been lightly penciled in, may l)e 
erased without trouble. 

21. Plotting of Maps by Projection. For small areas such 
as farms ami parks, where the area is l)ut a few s(juarc miles, it is suffi- 
ciently accurate to assume that the surface of the earth is [)lane, or 
in other words, that all plumb lines held at all points of the map would 
be precist^ly paiallo!. Rut when the areas amount U) hundreds of 
square miles, and particularly when they cover whole continents, the 
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curvature of the earth cannot \^e neglected either in the computations 
or plotting. A ** single cur\^e<l surface," such as that of a cone or 
cylinder, can he "developed*' and it will lie flat; /.r.,the surface could 
be rolled out on a plane surface without changing any proportions. 
But a surface of ** double cur\'ature" such as a sphere is not dovelojv 
able, and there then arises the problem of representing on a plane 
surface the surface of a sphere with as little distortion as is possible. 
There are many methods of accomplishing this, some of which are 
very approximate. They will be descril)ed in the order of their com- 
plexity, which likewise means the order of their accuracy. In each 
case A\nll he described the method of plotting parallels of latitude and 
meridians of longitude. Since in any case a line is determined by its 
passing through a point of known position and running at a given 
angle with the meridian, the plotting of meridians and parallels gives 
a sufficient framework for the plotting of any map. 

Trapezoidal Projcclhn, In this method parallels and meridians 
are plotted as straight lines. In Table II are shown the distances 
iDctween parallels of latitude at any given latitude (the distance vary- 
ing slightly with the latitude) and also the distance between meridians 
on any parallel of latitude. A straight vertical \i\\e at the c*enter may 
indicate the even degree meridian which passes appn)xiniately through 
the center of the map to be plotted. On thfs line lay off distances at 
the proper scale which will represent the distances l)etween the par- 
allels of latitude included within the map. On two of these paraUels, 
which are approximately at one-fourth the distance from the top and 
bottom, lay off distances from the central meridian, which represent, 
according to Tal)le II, the i)ositions of even degree meridians at so 
many degrees each side of the center. Connecting the corresponding 
j)oints on these two parallels we have a series of trapezoids, each of 
wliich have parallel lines for top and bottom and a pair of converging 
Hues for the sides. When the scale is such that the angular distance 
of any point from the center of the map is but a few degrees mcasureil 
in latitude or longitude, then this method might be tolerat(*fl, although 
the errors at the outer edges of the map would be considerable. When 
the man includes many degrees of latitude and longitude, then the 
errors become intoleral)le. 

Simple Conie Projection. A cone is readily developable and its 
development is a sec'tor of a circle whose radius is the slant height of 
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the cone. If we consider a cone to envelop a sphere so that its vertex is 
in the pole of the sphere and is tangent to the sphere at some parallel 
of latitude^ which is purposely chosen a.s the middle parallel of the 
desired map, then if points on the surface of the sphere are projected 
on to the surface of the cone and the cone is then developed, we will 
have a representation of the surface of the earth with comparatively 
little distortion, especially when the angular distance measured in 
degrees of latitude from the middle parallel is very small. Fig. 12 
illustrates this method on a verv small scale, but it also shows that 
when the angular range of the map is very large the distortion on the 
outer edges of the map is very considerable. The distance l>etween 
parallels 45° and ()0° is very perceptibly less than that between 0° and 




developmenT. 



Fis- H. Developraont of Cone. 



15°. A veiy obvious mo<lification of the method is to space the par- 
allels at their true distance apart. To apply this method lay oflF as 
l)ef()re a vertical line which represents an even degree meridian passing 
approximately through the center of the map. On this meridian lay 
off, as Ijefore, points which represent the distances between consecu- 
tive parallels of latitude. From Table II we may take the length of 
the slant height of such a tangent cone, which is tangent at the middle 
parallel of the map; sparing off distances on this central meridian we 
detennine the position of the apex of the cone of development. We 
may then draw through the points on this meridian, which represent 
the various ]>ositi()ns of the parallels, arcs of circles which will repre- 
sent the developable parallels. On the middle parallel of the map we 
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may plot the [)<>sitioii of the variousnieiidiaiiNincludedintheniKpand 
throiij;li these {>i>iiiLs we may draw radial lines in the direction of the 
apex of the develi>|>able cone. Points in the iinmetliate neighborliood 
of the middle parallel are <-orrccfIy plotted. Points which are further 
away from the middle ])arallel, either alwve or below, are more and 
more inaccurate; bnf this method will answer for plotting of area."! of 
several hundR-d miles. One very practical <lilficulty, which is almost 
insuperable unless the scale of the map is very small, is that the slant 
height of the develo[)able cone is too large and the ajiex of the cone 
is really inaccessible. For example, at latitude 40° the length of the 
sitje of the tangent cone is 4730 miles. F,ven if we ailopt a scale of 
1 ; I2.W00, which is approximately two miles to the inch, the length 




of the radius to !«■ used in developing tins cone would Iw 4730 ^- 2 = 
'2'.H}'> iiK'he.'i -: 107 feet. It then becomes impi'a^-ticable to u.se this 
mctluMl except by adopting a niethod of "(.■o-onlinales" which will 
Ik- describe<l later. 

Siiiiplr Conic Modified. The .simple conic is totally outside of 
the sphere, (\ccpt at the circle of tan{;eney. The map is therefore 
alwavs larger than the true un-a. A simple mixlification is to lay off 
on two developed ]»andlels situated at one-fourth of the height of the 
map from top aiiinH>tt<ini the true dista;'-c between meridians. The 
meridians are then drawn as straight linos through these points of 
division. This i.s virtually the etiuivalent of the development of a 
cone which intersects the sphere between the two selected parallels. 
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the cone l)eing inside the sphere between the parallels and outside of 
the sphere above and below then\. That part of the map which lies 
between the two parallels will be slightly too small and that al>ove 
and l)elow will be slightly too large, but in no case will the variation 
be as large as in the case of a simple conic. A still further modifica- 
tion is to lay off on each parallel the proper distance between meridians 
for that latitude, but the parallels are developed as arcs of concentric 
circles. Each of these successive meth- . 
ods is a little more accurate than the /|\ 
previous method, but unless the scale of / i \ 
the map is such that it is practicable to yC--— "t--^ 
draw the developed parallels directly as yf^^ \ ^v. 

arcs of circles and without the use of co- n<i 

1/ ^ 
ordinate^, it is just as simple, as well as If- -^->'<r^ 

being much more accurate, to employ the /I 

following method, which is the method \ 

used bv the United States Coast and \ 

Geodetic Survey, as well as by all other ^^----J^-.-'^'^ 

ireodesists. 

^ ... ^K- ^3. Simple Conic- ModiQed. 

Polyconic Projecticn. Let us con- 
sider a sphere with parallels of latitude and meridians drawn over 
it and then assume that the sphere is covered with a series of cones 
whose vertices are all in the pole of the sphere, each cone being 
tangent to the sphere along one of ihe parallels of latitude. If we 
then develop these cones, the line of tangency of each cone will 
develop as the arc of a circle whose radius is the slant height of 
the cone, and the intersection of the tangent parallel with each 
meridian may be plottetl on this circle in its true position. By 
drawing a vertical center line we may lay off on it the true dis- 
tance between the desired parallels of latitude; then, laying off on 
that vertical center Hue from the position of each parallel, a line 
ec]ual to the slant height of the corresponding tangent cone, we 
may draw arcs which will represent the development of each 
parallel of latitude. To illustrate the piinciple involved this has 
been done on an exceedingly small scale and by lines which represent 
the development of many degrees of both latitude and longitude in 
Fig. 14, but this method is particularly used for the plotting of maps 
on a comparatively large scale in which the length of the radius of 
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the developing i-ones (at tlie .scale luioptetl) would be impracticably 
large. It therefore l)Ccomes riecessur)' to plot tlie.se cur\'es by the 
inethoil of (.■o-<)nlinates, which must necessarily l>e computed and 
arranged in a tabular fonn for use. It then becomes just as easy 
to use co-ordiiiateM which are computed with reference to the true 
form of the earth rather than those t-omputed for a sphere. In Table 
II is (^%'en for various latitudes the length in statute miles of 1° of 
latitude, the lenjjth of 1°of longitude, the lenjith of the .side of the tan- 
gent rone, the <listanee from the center meridian of 1°, 2°, 3°, 4° and 5° 
of longitude, ami also the vert ic'al ordinate for each one of those ]H)ints 
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above n lioriznnfal langeni line. The niethwl of drawing one of 
tliese maps uiay tie most ea.sily dcscribtHl by a concrete example, ii.s 
fiilliiw.s: Vhxi. Draw a vertical line to represent some evcn-*Iegree 
meridian (if longitu<Ic which is as near as may U- at the center o^the 
map. Having selected the scale, .space ofT on this vertical line the 
positicms for as many parallels of latitude as it is desired to represent. 
The length of ]°of latitude incjisuri'd on a meridian for various lati- 
tudes in statute miles is given in the aivompanying table. For ex- 
»niplc: supi>osc that the .scale of the map is to \k TTj'.iruir- This is 
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approximately equal to a scale of two miles per inch. At latitude 40*^ 
the length of 1° of latitude in statute miles, as taken from the table, 
is 68.993. Multiplying this by 63300 we have 4371300 inches, which 
is the length of 1° at 40*^ latitude, or which is the length between 39"" 30' 
and 40° SO'. Dividing this by 125000 we have 34.97 inches, which 
will be the distance to be scaled on the vertical line between two marks, 
which should represent the parallels 39° 30' and 40° 30'. Dividing 
this space in half we have the position for 40° latitude and any other 
desired parallels may be interpolatefl accordingly. This is, of course, 
on the assumption that 40° is the mean latitude. Srcofid. From 
each point on the center line through which a parallel is to pass, draw 
a horizontal line. Assume that we wish to lay off meridian lines at 
intervals of 0° 15' of longitude. The accompanying table, which 
has been compiled from the more extensive table of the I'nited States 
Coast and Geodetic Survey, published in their report for 1884, gives 
the co-ordinates of points which are from 0° 15' to 3° east or west 
from the center meridian of the map for all hititudes between 25® 
and 50°. These co-ordinates are given in meters since this is the 
universal unit of measure in high grade geo<letic work, but these 
co-ordinates can be remlilv transferred into other units on the basis 
that one meter = 3.2809 feet = 39.3704 inches. Although the 
accompanying table is amply accurate for much of the work that an 
engineer may have to plot, the more extensive tables of the Coast 
Survey shoukl l)e utilized for the highest grach^ of work. Since 1 
meter = 39.3704 inches, when wean* working on a scale of 1 '■- 125- 
000 each meter would scale .(XK)3149() inches or KKKK) meters 
3.1490 inches. For our prescMit puq)ose we may call tliis 3.15 iuvlres. 
Acconling to our table the distance out from the center for 0° ]< at 
latitude 40° is 21349 meters, which at 3.15 inches [)er KMXX) meters 
gives 0.72. Similarly we can reduce to inclies the ordinates for 0^ 30', 
0° 45' and 1°. The (h'stance out for 1° 15' can be obtained sufficiently 
close by inteq)olation between the values for 1° and for 1°30'. At all 
these points we can erect short perpendiculars, l^liis should be done 
on both sides of the vertical center Hue. The vertical ordinates which 
are given in the table may Iw similarly changed to inches. The ver- 
tical ordinate in meters for 1° from the center is 479 meters, wliich at 
.000315 inches per meter 0.151 inches. For 2° the vertical ordinate 
is four times this or 1910 meters or 0.003 inches, thus indicating that 
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the vertical orcHnates increase iis the scjuare of the distance from the 
meridian. Therefore the ordinates for 1° 15', 1® 30' and \° 45' will = 
1 c> ?6 and \lt resi)ectively, of the unit height for 1°, which is 0.151 
inches. For a width in latitude of 3°, each side of the center, other 
points may be similarly obtained. Having plotted these points for 
40*^ latitude, we must repeat the operation for each new parallel 
recjuired. llie figures to be used for intermediate parallels of latitude 
may be obtained with more than sufficient accuracy by interpolating 
between the numbers given in the tables. 

It should be notice<l that Fig. 14 was drawn mainly for the pur- 
pose of illustrating the general principles involve<l. It covers a range 
of 45° each side of the center line and fmm the eijuator to 60° north 
latitude. This is a very extreme case and far greater than would 
ever Ik* uschI on any map where close accuracy is a necessity, and yet 
even in this case the distortion, although it does exist, and is an abso- 
lute necessity, is nevertheless re<luced to a minimum by this method. 

Xumcrical Example. Compute by derivation from Table II, 
for the scale of 1 ^- 1,000,000 the values for each intersection point 
of parallels at intervals of 0° 15' and meridians at every 0° 15' for 3° 
east and west of the prime meridian and between the latitudes of 30° 
and 37°. Draw lightly in pencil the horizontal lines and the perpen- 
diculars, indicating in pencil the computed length of the divisions of 
the horizontal lines and the lengths of each perpendicular, then con- 
nect the corresponding intersections with lines which will represent 
the parallels and meridians. Draw to a scale of 1 : 1,000,000. 

22. Three Point Problem. Economy in field work is frequently 
served by employing what is known as the *' three point problem'' to 
accomplish certain results. For example, the location of points at 
which soundings are taken in any body of water require the employ- 
ment of several extra men with instruments if it is done by the method 
which is perhaps simplest to plot, namely, to have men and instru- 
ments on certain located points on shore where obser\'ations are 
taken at the time of making each soundir'x. This may be obviated 

bv usintr two sextants or even a (loul>le sextant, which is used bv a 

» « • 

man on the sounding lH)at. Observations by the boat obser\Tr are 
taken on three shore signals, and the two angles betv/een each outer 
signal and the middle signal are measured. With an instnmient 
known as a double sextant, one skillful observer can .simultaneously 
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set his sextant to take botli readings. This nietliix! kee|)s all nieinl)ers 
of the party together. No signaling l)etween tliose in the l)oat and 
instmment men on shore is necessarv and the economy of time and 
men is considerable, although it recjuires special instruments to 
take the observations and a special 
instalment later on to plot the work. 
Unfortunatelv even this solution has 
its limitations. If the circle which 
passes through the three fixed points 
also [)asses through the point to be lo- 
cate<l, then the solution is indeter- 
minable, and if the point to be deter- 
mined lies near the circumference of 
that circle, the solution, although theo- 
retically detenninate, is subject to great 
inaccuracy. Nevertheless, with suitable 

care this limiting condition may l)e avoided and the accuracy under 
usual conditions is as great as is necessary. The same fundamiMi- 
tal principle is employed in plane table sur\Tying when it is dcsin^d 
to set up a plane table at some station which has not been previ- 
ously plotte<l on the map, and to determine directly its location by 

an obser\-ation on three stations 
which have already been plot- 
ted. The fimdamental prin- 
ciple of the work is illustrated 
in Figure 1.1 and depends on the 
geometrical proposition that, 
except for a point located on the 
circumference a h r, there islnit 
one position, .r, from whicli the 
lines drawn forming tlie angles 
a X h and h x r will c(jual any 
two given values. An inspec- 
tion of thefignn* will show tluit 
if t' were located in the circumference, then the anirles a ./•' h and 
h .r' c would l)e the same for anv l(K*ati(mof .r' in that circnnifcrcncc. 
If .r represents, for example, the IcK-ation of a boat from wliirh ijic 
angle.s axb and hxc are measured iK'tween flags l<Katcd on shore, 
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it is only necessary, in order to plot the position of .r, to have three 
lines which make the given angles with each other and find by trial 
such a position for x that three such lines will simultaneously pass 
through the three points. These three lines may l)e the three arms 
of a "three-armed protractor'* (see Fig. 21) or they may l>e three 
lines which make the given angles and w-hich are drawn on a piece 
of tracing paper, which is used as descril>ed below. Of course, veri' 
skillful work is I'equired to avoid inaccuracy, but in skilled hands 
the method is economical and sufficiently accurate for practical use. 

In plane table work the problem may be solved similarly. The 
plane table may be set up over the station whose location is required. 
A piece of tracing paper may be placed over the regular drawing and 
three lines may be drawn to the three known and plotted stations. 
These lines will evidently make the proper angles with each other. 
It is then only necessary to move this tracing paper to some position, 
such that the lines will simultaneously pass through the thi-ee points 
and then prick through the tracing paper the location of the desire<l 
point. 

Another method of solving the same problem with the plane table 
is that know^n as Bessers solution, which is illustrated in Fig. 17. 
The explanation of this method is far more difficult than the 'mere 
work of doing it, which may be readily learned. The reasoning may 
b(» best followed by considering a case which has already been worked 
out — see Fig. 17. a, h and c are points already pl()tte<l on the map. 
(I is a [)oint whose real location is at first unknown, c is a "construc- 
tion** point, which is also unknown. The method of j)rocedure will 
be first stated as follows: 

'^riie instrument is set up over the point D in the field. Ay B, C 
and 1) refer to the actual station positions. (1) The alidade is 
then si^t on the line c a and the whole table is then revolved until the 
instnmnent sights at .1, when it is clamped. (2) The alidade is then 
placed with its edge on c and so that it sights at the point B. Draw- 
ing a line, we will have the line c e. (3) The alidade is set on the 
line a c and the table is then loosened and turned until the telescope 
points at C. (A) Move the alidade so that the edge passes through 
a and again points at B and draw a line. This line a r drawn from 
a intersects the line drawn from c in the point r, (5) Connect b 
and c. The retjuired point d is somewhere on the line b e — or on b e 
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produced. By placing the alidade on the Hne b c and turning the 
whole table until it points at station B, the table is properly oriented. 
The student should note that the location of point d is still unknown, 
but when the table is prnperly oriented, it is only necessary to place 




Fig. 17. Uessels Solutiou of Three-Polut Problem. 

the alidade with its edge on the point a and so that it sights at station 
A, A line drawn along the alidade ^\^ll intersect the line 6 f at the 
rec|uired point rf. As a check we may turn the alidade so that its 
e<lge is on the point c and so that the telescope points at .station C 
The eilge of the alidade should again pass through the point rf; the 
precision with which it does so forms a valuable check on the accuracy 
of the work done. 

Explanatiwi. First step: alidade on c a, sighting at A. Since 
the instrument is at D, the proper direction of the alidade when 
sighting toward A should he d a and would be so if the table were 
properly oriented. Therefore the orientation is in error by the angle 
a to the right. Second step: the line c c, which should have the 
direction c e' , makes the angle a with c c\ In other words, the line 
dh e makes the angle a with c c. Third step: alidade on ar, sighting 
at C. Since the in.struinent is at i), the proper direction of the 
alidmie when sighting toward C should In* J r, and would he .so if the 
table were pro|)erly oriented. Therefore the orientation i.s in error 
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by the an^le ^ to the Icji, Fourth step: the line a e which .slioiild 
have the direction a c'\ makes the angle ^ with a c*\ In other wonls 
the line dhc makes the angle fi w ith e a. Fifth step : d Hes somewhere 
on b c or on b e produced. Since the table can l>e accurately orientcnl 
by sighting on B with alidade ondh e, the location of d then l)ecomes 
eavsy as a pn)blem in "resection" by turning the alidade to sight at 
either .1 or C The alidade will intersect dbatd and thus detennine 
the point. The student should note that as d approaches the circum- 
ference, c approaches b, the line b c becomes verj' short and since* the 
solution depends on drawing b e accurately in direction, it Ijec'omes 
more and more inaccurate as d apj)roaches the circumference. When 
d is on the circumference, c will coincide with b and the solution is 
indeterminate. It should also l>e noted that d and c are interchange- 
able — i.e., if V were the unknown jx)int, then rf, determined by the 
intersection of a d and c d, would l)e the jH)int which, when joined with 
b, w()ul(^ give the line on which the true point c would be locate<l. e 
would then be determincHi bv resection from a or c. 

« 

This method has the theoretical inaccuracy of assuming that 
lines drawn from various points of the map toward a distant station 
are parallel. When the scale is very large the error might be appre- 
ciable with the most careful work, but ordinarily it is impossible to 
do plane table work with sufficient exactness to detect an error due 
to this cause. The advantage of this metluMl over the tracing paj>er 
method is that although it re(iuires the drawing on the paper of the 
lines a (', /> r, and c i\ which are otherwise useless, it does not necessi- 
tate the use of tracing paper which might j)rove inaccurate on account 
of slipping. When it is found that the unknown point d is nearly, if 
not exactly, on the circumference of a circle passing through a, b and 
r, then some other station should be substituted for o, /; or r, and 
ordinarily this will permit the problem to be solved with sufficient 
accuracv. 

ft- 

23, Topog^raphical Sis^ns. There is a very great advantjige 
in employing colors to represent the topographical signs, but if a 
map is being prepared for reproduction it is imj)racticable to use 
colors unless it is designed to make several impn\ssions, one in each 
of the various colors, which makes a very expensive map. The sys- 
tems of topographical signs must therefore l>e based very largely on 
whether colors are to be used or whether the whole map must l>e in 
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black. When one individual map is being made, it is almost as easy 
to employ colored inks, and this shoukl certainly be done if the map 
is designed to represent considerable variety of detail. Contour 
lines are usually drawn with ** burnt sienna," a yellowish-brown color 
which is not so very unlike that of clay and which is quite suggestive. 
In spite of the added expense, the Uniteil States Geological Survey 
maps have all contours printed in a similar color. Similarly water 
lines are usually represented with blue lines if color is employed. 
The United States Geological Survey maps represent the shores of 
all lakes, rivers, etc., with blue lines. Even the smallest streams 
which are represented on the map are drawn in blue even though it 
is but a single line, and swampy districts are represented by a suitable 
to|K)graphical sign, which is also drawn in blue. This practice per- 
mits an instant recognition of the character of the sign and prevents 
any possible confusion of mistaking a stream line for a contour line. 
Artificial features of the topography are represented in black. By 
artificial features are meant anything in the nature of constructions 
such as buildings, railroads, dams, property lines or political boun- 
daries, etc. As stated previously under "scale of map," judgment 
should be shown whether to endeavor to represent the actual form 
of buildings to their proper scale. On the United States (icological 
Sur\'ey maps individual dwelling houses are usually represented by 
a minute square of black even when the scale of the map is as small 
as one mile to the inch (approximately). Since the maps are drawn 
very finely and the squares are perhaps not more than ^ J^ of an inch 
scjuare, they do not necessarily indicate much, if any, exaggeration. 
Of course, at such sc»ale no attempt is made to give the exact form of 
the building. The w-ell known representation of a railroad by a sin- 
gle heavy line crossed at frequent intenals with cross lines as if in 
imitation of cross ties is always recognizable. When the scale is 
sufficiently large, say 100 feet to the inch, even the two rails may be 
indicated by a double line rather than a single line. Highways arc 
indicated by double lines which should be spaced at approximately 
their proper width. Since a neat appearance absolutely reciuircs that 
these lines should l)e evenly spaced and exactly parallel, it is prefer- 
able to draw these lines with what is called a " road pen," which con- 
sists of two ruling j)ens whose distance apart can be regulated with 
a screw. Using such a pen even a rough and irregular road may be 
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rapidly drawn in so that both lines will not only be uniform, but are 
exactly the same distance apart at every point. 

Some instruction books have been published with very elaborate 
systems of topographical signs to represent by distinctive signs even- 
conceivable fcrm of vegetation and also to denote the character of 
different kinds of factories, mines and other structures. In several 
cases where a map is made for the distinctive purpose of denoting the 
location of the various features which pertain to some special industry, 
these special topographical signs may be justifiable, but their signifi- 
cance should invariably be indicated by a suitable legend inscril)ed 
on some part of the map. Although every sur\'eyor should know 
the significance of the topographical signs which are used to indicate 
the common features which are generally found on every map, it is 
useless to expect that the special and little used topographical signs 
will be familiar to all engineers. Plates I and II show the signs 
which have been adopted by government use and which therefore 
may be considered as standard. No others should l)e placed on a 
map without some lettering on the map to indicate their character, 
especially as there is some confusion regarding the method of indi- 
cating some of the more uncommon topographical features. 

24. Lettering. Many a map which is otherwise good is 
spoiled by poor lettering. Part III of Mechanical Drawing contains 
a treatise on lettering, and therefore such instruction will not be 
repeated hero, since this course forms a part of every engineering 
course. In general it should be said that the style of lettering adopted 
should be simple and a,s plain as possible. No fancy lettering should 
be used except perhaps in the title, and even here some forms of fancy 
lettering are not only in l)a(l U\Me but are a useless waste of time and 
skill, '^riie illustrations of government maps herewith given should 
l)e particularly studied with reference to the style of lettering used 
for different topographical features. Where nuich lettering is neces- 
sary (for example, to indicate the location of numerous towns on a 
small scale map) the simplest form of line lettering is preferable. 
^Mien possible all lettering should run horizontal with the base of 
the map, except the lettering to in(Ii(\ite the name of streams, rail- 
roads, etc., which should follow their course. The spacing between 
letters used to indicate the names of streams and railroads should 
likewise be strung out to cover a considerable part of the length of 
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the stream or railroad unless that spacing would be so great as to 
make it difficult to follow the continuity of the letters. The Roman 
style of lettering is usually adopted on government work, because it 
is the best in spite of its being the most difficult style to make so that 
it looks well. The student should cultivate the ability to make let- 
tering in this style. A simple form of line lettering is infinitely 
preferable to an attempt at fancy lettering, and the draftsman must 
not consider that he is qualified to do lettering until he can make good 
letters at least in this simple form. 

25. Border Line. A simple border line which consists of a 
single heavy line of uniform witlth will add considerably to the neat- 
ness of a map, and it should usually be made. When it is specially 
desired to attract the eye of non-technical people, as in the case of 
real estate maps, which are made to look as attractive as possible to 
catch the eye of a possible purchaser, a very elaborate border line 
may be justifiable, but otherwise it must be considered as a waste of 
time and skill, and even an evidence of bad taste. It sometimes hap- 
pens that a farmer will think a great deal more of the map of his farm 
if it is surrounded by an elaborately executed border line, and since 
it is policy to sell to a man what he wants and is willing to pay for, it 
would be justifiable in such cases to consult a book on lettering, 
which usually contains various specimens of l>order lines, meridian 
marks, etc., which will set off a map and make it look verj' pretty 
even though it does not add one whit to its real value. The sheets 
issued by the United States ( Geological Survey have no border line, 
and even the large sheets issued by the United States Coast and 
(ieodetic Survey have border lines which are simple and dignified in 
character. 

26. Drawing Paper. Considering that the work on very 
large maps is very great and sometimes requires a very high grade of 
labor for weeks and even months, which means that the map repre- 
sents an expenditure of labor w^orth several hundred dollars, it is 
folly to lessen the value of the map by using a cheap grade of paper. 
A goixl quality of drawing paper should be (|uite smooth and yet of 
such a texture that pencil lines and even light ink lines can be erased 
fnmi it without necessarily destroying the surface of the paper. For 
some kinds of work where but very little penciling is retpiired and sucli 
penciling as is put in is almost entirely covered up with ink lines, it 
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may he desirable to use Bristol l)oar(I, since its surfacreis very sin(K)th 
and, with very fine pens, work may l>e done which is almost ec|nal 
to engraving, but Bristol l>oanl l)ecomes roughened when it is rubl)ed, 
and tlierefore it should not be used when many construction lines are 
n(*cessar)' which need to be more or less erased. "Hot pressed" 
Whatman's paper is the l)est for map work, since it is smoothest and 
it can be obtained in large sheets. ^Mien it is necessary to make very 
large maps (four feet s(|uare or over) it is advisable to have the j)aper 
"mountcMl" on linen. This l>ecomes almost necessary on account 
of its greater durability, for a large sheet would \ye more apt to be 
torn. Manufacturers of drawing pa|)er make these large sheets by 
pasting smaller sheets together on the mounting of linen, the joints 
being beveled and carefully rubbed down so that they are practically 
invisible and do not give the roughness that would ortlinarily l>e found 
with an onlinary lap joint. Since such work is done so much l)etter 
by tlie manufacturers, it is usually preferable to leave such work 
in their hands. When it is absolutely essential for one to do his own 
paper mounting, it may be done as follows: Stretch the cloth on a 
drawing lK)ard, if a sufficiently large one can l>e found, or even on a 
smooth floor, and tack it down on all sides, stretching it as much as 
possible, so that it is perfectly smooth. Trim the edges of the sheets 
of paper (say four) wliich are to \ye joined together, and with a rubl)er 
grind down the edges which are to form the joint until they get liter- 
ally to a feather edge. C\)ver each sheet thoroughly with, paste and 
then spread it on the cloth as smoothly as is possible in its puckered 
condition, taking special care that the edges of the sheets overlap 
properly and that a perfectly smooth joint is made. Sometimes a 
warm flat iron may be successfully used while the paper is drjnng to 
smooth out any wrinkles that have formtMl. By watching the paj>er 
during the process of drying and carefully smoothing out wrinkles 
until all have disappeared, and then leaving the paper for at least 
twenty-four hours until it is j)erfectly dry, it will usually be found 
that the sheet will be perfectly smooth when it has dried. Only the 
best ((uality of paper should be used for such a purpose. 

DRAWING INSTRUMENTS. 



The chief drawing instruments recjuired for topographical work 
are very few and simple. A protracto', a scale and a straight edge. 
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with })ens and |>cnciLs, almost comprise the list — except a few instru- 
ments which are used for special purposes. 

27. Protractor. The choice of a protractor has already been 
discussed and it was pointc*d out that the very small metal protractor 
frecjuently included with a set of drawing instruments is almost use- 
less for any practical purj>ose. It is so small that it is impossible 
to use it with any degree of accuracy. Celluloid or "xylonite*' pro- 
tractors with a diameter of 6 inc^hes are very useful for plotting topog- 
raphy when the scale of the map is such that the length of the lines 
plotteil is not more than 5 or G inches, or say twice the rachus. 
Paper protractors, 14 inches in diameter, printed on- Bristol lM)ard, 
which can be bought for 40 cents, are much more useful, and with 
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Fig. 18. Colby's Protractor. 

reasonable care will last long enough to fully pay for their cost. 
Colby's protrac*tor has the advantage that it can be permanently 
fixed on the paper by means of weights resting on the ears that pro- 
ject from the circle and a very large number of jK)ints may be plotted 
from one station without the wearisome endeavor to hold anordinarv 
protractor continuously in a fixed place. Additional scales can be 
attache<l to the central rotating plane so that any point can be iinine- 
diately plotted at its proper distance from the center unless it hap- 
pens to lie immediately under the circular part of the protractor. 
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Tlie instruments cost about $()0 with $3.50 extra for extra scalers. 
Metal pn)tractors of the Crozet tyj)e have the very great ail- 
vantage that they can l)e used in connection with a T-s(juare and 
do not need to be centered over the station point. After setting 
the protractor at the proper angle, it is only necessary to slip it 
along the T-square or along the fixed straight edge, which has 
been proi)erly clamped on the board, and when any {K)int of the 
fiducial edge of the protractor reaches the given station, a line may 
l)e drawn through the station at the desire<l angle. Some of these 
protractors are made with vernier and slow motion screws, so 
that they will read single minutes of arc, but it re(|uires a degrc*e 
of accuracy in the drafting work, which is seldom, if ever, attained 




Fig in. The (Tozet I'rolnictor. 



to draw the lines as accurately as this implies. Such a protractor 
costs about S4(). The Darling, Brown and Sharpe protractor works 
on the same fundamental principles as the Crozet protractor; it 
has a vernier reading to o minut(\s of arc and costs only SO.oO. It 
is practically its useful and as accurate iis the more expensive forms. 
28, Scales. Usually "decimal" scales are used for plotting 
topographical ,work, since the maps are frccpiently drawn on a scale 
of 1(K) f<vt, 2(K) f(Tt. 4(X) feet, or :)()() feet per inch, niercforc a ''tri- 
angular" decimal scale with its six scales graduated to 10, 20, oO, 40, 
60 and 00 parts per inch is in general the most useful for that purpose. 
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Even if dimensions are scale<i off in hundredths of an inch, the sim- 
plest plan is to use the **5()" scale in which each division means 5^0 = 
.02 inch. When maps are drawn to some special scale, as for example, 
1 : 12,5000, or 1 : ()2r>00,it will facilitate the work (and it will be justi- 
fiable) to construct special scales which will i)ermit the distance in feet 
as measured in the field to be scaled off directly on the map. There is 
a theoretical argument in favor of using paper scales, the argument 
being that the paper of the map and the paper scales will vary equally 
with changes in the hygn)metric conditions of the atmosphere. But 
it must 1k» considered that these changes are very small and almost 




FIk. 2<K Stpel Prolrartor. 

insignificant unless dampness of the atmosphere is so great that the 
paper of the map becomes positively puckered, and under such con- 
ditions it is perhaps inadvisable to attempt to do any work. Also 
unless the paj)er scale was made of the same quality of paper as the 
map, which is not ver\' likely, the coefficient would not be the same. 
It is thus seen that the a<lvantages of using paper scales are more 
faiicie<l than real, while their disadvantages are many. Where the 
work to l)e done is verj' extensive and it must all be done at the same 
scale, there is a considerable advantage in using a "flat" scale rather 
than a "triangular** scale, since under such conditions the five other 
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scak's of the triangular scale are useless and a blunder is fre<|uently 
caused by iniulvertently using the wrong scale. Metal scales have 
the advantage of extreme durability but the disadvantage of tending 
to soil the paper. The boxwood scales having a natural wood color 
are the most common, but they grow darker with age and with hand- 
Hng and the graduations become so dim that it is difficult to use them. 
Ivor}' scales are verj' liable to warp and shrink, and although they 
have the advantage of distinctness and a neat appearance, their ten- 
dency to warp is a decided disadvantage. Probably the best scales 
are those which are made of boxwood but which have the beveled 
edges covered with a material which resembles ivory, which })crma- 
nently remains white, and which does not shrink as ivory does. 

29. Straight- Eds^e. It is not a good plan to use the edge of 
tlie scale as a straight-i»dge. The rubbing of the pencil over the wlge 
of the scale will soil it. It is always better to have two triangles, so 
that lines at right angles nuiy be readily drawn in as is necessary in 
showing the sides of buildings. A very long straight-edge is occa- 
sionally necessary. When a very long line is to be drawn peifcctly 
straight and no straight-edge of that length is at hand, the line may 
be drawn by stretching a silk thread between the two terminal points 
and then marking, with a pencil, points at such frequent intervals 
that the small straiglit-eclge avaihible may span those distances. It 
is needless to say that extreme care is al)Solutely essential in drawing 
a line by this method. Kven well-made straight-edges may become 
warped and lose their straightness. To test a straight-i*dge, carefully 
(h*aw a line with it and reverse the straight-iHlge end to end and note 
liow closelv it coincides with the line drawn. If no error is observable, 
th(» edge is probably straight, but it is conceivable that a straight-e<lge 
might not be straiglit and yet stand this test, for the e<lge might have 
a form somewhat similar to an »S, that is, it might be cur\-e(l symmet- 
rically about its center so that when reversed tlie edge would again 
coincide with the line drawn, but this is a very improbable condition. 

30. Pens and Pencils. The lead used in the pencils should 
be of gcxxl (piality and should be neither too hard nor too soft. A 
very soft ])encil will have its point worn off very rapidly and the lead 
will smudge the paper. If the lead is too hanl, it re<|uires so much 
pressure on the paper to produce a visible mark that the paper is 
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actually indentetl, and if it hec'onies necessary to erase the line, the 
paper is indelibly impresse<l with a groove where the line was drawn. 
It is therefore necessary that all lines and marks should be drawn 
with a very light pressure of the pencil, which practically recjuires 
that the lead should be soft enough so that even a light pressure will 
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Fig. 21. Three- Armed Protractor. 

make a mark that is easily visible. Although some of the inkinj^ 
work is done with a ruling j)en, the great bulk of topographical maj> 
ping is done with a nib pen. The pen shoukl be sharply pointed, 
so that it is capable of making a very fine line. Although much of 
.such work is done with "crow quill" pens, a larger pen (say Gillott's 
No. 303) will serve ec|ually wel* and in some respects is more useful. 
The rul)l)er used should be a soft rubber rather than hard, since hard 
rubl)er will scratch the paper. A "sponge rubber'' to clean the draw- 
ing when it is finishe<l is almo.st a necessity. 

31. Three-Armed Protractor. Among the special drawing 
in.struments which are occasionally needed is a "three-armed pro- 
tractor." This instrument is use<l when plotting points which have 



57 



48 



PLOTTING AND TOPOGRAPHY 



been obsfrvecl on the principle of the *' three-point problem.*' The 
instrument consists essentially of a protractor having one fixed arm 
and two movable arms which may be set at the two given angles with 
the middle arm. I'hen 
when the fiducial etlges 
of these three arms are 
simultaneously placed on 
the three given points, 
the center of the instru- 
ment mmt be located at 
the point which represents on the map the point from which obser- 
vations were taken, and this point is pricked through the center 
of the instrument. As previously explained, the operation of this 
instrument depends on the fundamental principle that (unless the 
point to be located happens to lie in the circuniference of the circle 
which passes through the three given points sighted at) there is 
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Fig. 22. Principle of Pantograph. 




only one position from which it is possible to draw three lines which 
make tlic given angles with each other thn)Ugh those threi* points. 
The angles arc therefore laid off by moving the two outer arms so 
that tlicy uiakc the re<juir(Ml angle with the middle fixed arm; then 
with the arms clamped in position, the whole instrument is shifted 
around on the paper until the fiducial edges of the rules simultaneously 
pass through the three fixed points. Tt is needless to say that great care 
and accuracy is necessary, and especially so if the point to l>e deter- 
mined hes near the circumference of the circle passing through the 
tliree fixed points, for it will l)e found that a ver}' slight inaccuracy 
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will cause a t-onsulerahk' variatiim in the location <if the niikiiuwii 
point; or in other words, there will be a considerable area from any 
[X)int of which the three lines will pass a 

iipproximately through the three fixed points. // 

32. Pantograph. The pantograph is tt 
a very useful and essential instrument when ftfi 
drawings are to be re-drawn on a different H 
scale. It frequently happens that field draw- 
ings, especially when made with plane table, 
are drawn to a larger scale than is used for 
the final engraved maps. The principle of 
tlie pantograph is as shown in Fig. 22, wjiere 
F represents the fixed point, T a tracing 
point and P a pencil or marker. F, T and 
P must always l»e in a straight line. F c T 
and F b P must dways be similar triangles. 
In this instrument they are isosceles trian- 
gles, a ft c 7" is always a parallelogram. 
The ratio P F : T F h the ratio of en- 
largement. To re<luce, transpose P and 
T; i.e., the marker will be placed at T 
and the tracer at P. The diagram shows 
the fundamental principles, but in practice 
accuracy requires very fine workmanship and 
an expensive instniment. Very simple in- 
struments are sometimes made by combining 
four sticks as shown in the sketch, using 
rivets at the joints, but the friction of the I /\i 

joints makes such simple instruments inac- 
curate. Fig. 23 shows an instrument in this 
.simple form, which maybe bought for $1.7.5, 
Fig 24 shows another instrument called a 
precision pantograph, which has the .same 
essential geometrical principle, although the 
mechanical construction has a somewhat 
different outline and the material, which is Fig. at. tA^v. 
entirely of metal, has the very finest quality of workmanship. The 
cost varies with the length of the bars, from $155 to $105. 
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33. Stadia Slide Rules. Fi^s. 2:), 20, 27 s1k)\v tliree forms 
of stadia slide rules, the use of which is descril>ed in Sections 15 and 
H). Any surveyor who has any great amount of stadia sur\'eyin^ 
to do will he wise to utilize the stadia slide rule to facilitate thestmlia 
reduction, since the cost of the instrument is saved in a ven' fewdavs 
and the money n(»cessarily wasted by a negle<*t to employ this device^ 
is verv false cconomv. 

34. Polar Planimeter. This instrument is used to measure 
dinntly fmm any drawing the area of a given figurt* no matter how 
irregular it may he. Although they are somewhat expensive, the 
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one illustrated in Fig. 2S costing S2S, tiiey are capable of marvellous 
exactness, and, considering tiie simplicity of their mechanism, it is a 
wonderful niathematical invention that such a simple mechanism 
would permit tiie recording on an index of tiie exact area of an irregu- 
lar (igun* simply l)y tracing the pointer around the perimeter of the 
figure no matter how irregular it may be. The i)olar planimeter, 
as its name implies, is worked an)und some fixed point, called the 
"])ole", which in practice means a nt^edle point having a shoulder 
which is pricked into the j)aper (\xactly as is done with the needle 
point of a compass. The i)lanimeter consists of two arms, the pole 
arm, which carries the fixed i)()int and which is hinged to the iravrr 
arm, which carries the tracing point and the inea.su ring wheel with 
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the mechanism for indicating the area. The hinge will permit the 
tracing point to Ik* moved away from the pole hy an amount nearly 
e<jual to the combined length of the two arms, and if it is possil)le 
to fix the pole at some point from which every point in the perimeter 
of the figure may he reached hy the tracer, then the area of the figure 
may be computed by a single setting of the instrument. If the figure 
is t(K) large for this, then the area may be divided by lines, which are 
preferably straight, although not necessarily so, into two or more 
partial areas, and the area of each section may be separately computed. 
Perhaps the most common use of the polar planimeter is to compute 
the area of indicator cards. This has alreadv l)een described in the 
course of instruction in steam engineering under the title ** Steam 




Fijf. 28. I'olur Planimeter. 

Engine Indicators'*, but the instrument also has another important 
use in the measurement of irregular ground areas, especially those 
which have been plotted by stadia methods rather than by the courses 
and distances of the boundary lines and which therefore cannot be 
compute<l bv the common nile of a summation of products of latitudes- 
and departun\s. It is thus possible to comi)Ute an area by surveying 
it rapidly by the stadia metho<l, plotting it with desired accuracy at 
a suitable scale and then measuring the area with a polar plam'meter. 

THEORY OF THE POLAR PLANIMETER. 

I. Zero Circle. \Mien the planimeter is in the position 
P II ]V C, Fig. 29, the plane of the wheel, which is perpendicular to 
the axis P 11, passes through C If the instrument is revolved about 
r, with the angle W II C ( = a„ ) always con.sianf, the motion of the 
wheel over the paper will have no component in the direction of its 
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plane and the wheel will not revolve. The jxnnter in this jK)sition 
descril>es the *'zero circle*'. 

2. Combined Sliding ^ ^ 
and Rolling. When the 
planimeter is in the position 
P' ir IP C and is revolved 
al>out C, w^ith the angle 
IP IF C (— a^) always can- 
siani, the wheel will have 
acoml)ined shding and n)ll- 
ing motion. For an infini- 
tesimal movement IP h the 
wheel will roll an amonnt 
W a and slide perpendicu- 
lar to its plane an amonnt 
a h. When rolling in this 
direction, the movement is 
called negative, 

3. Radial Motion. When the point P is move<l from P to 
P\ the wheel IV will both slide and roll, but its rolling will all be in 
a netjaiive direction. 

4. Reversed Radial Motion. If the pointer were to move 
back from P' to P the wheel would again slide and i*oll in 
precisely the same amounts but in contrary directions, and when 
it reached P it would have identically the same jX)sition and the 
reading of the index would be identical with the previous read- 
ing at P. 

5. If the pointer were to move from e to r/, the amount and 
direction of lK)th the slipping and rolling would be the same as when 
it moved from P' to P. 

6. If the pointer were to start from P, move to P\ thence to e, 
thence to r/, and thence back to P, the resultant rolling of the wheel 
is the sjime as that for the line P' e alone; for the rolling for d P is 
zero {% 1) and the rolling for P P' will be just neutralized by that for 
e (L (^\s 3, 4 and 5.) 

7. Therefore when the pointer is moved to the right on the arc 
of a circle within the zero circle alM)ut C as a center the indication is 
negative and is the same as if the pointer moved around the area 
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included between tlie arc, the corresponding arc of tlie zero circle, 
and the Including radii. 

8. If the pointer moved in the opp«>site direction the indication 
would be the same in amount but posUire. 

9. By similar demonstrations, similar facts may !«; shciwn for 
any other elementary area except that 

(a) when the pointer is outside tlie zero <-ir(le anil moving to 

the right, the indication is piMHit'e, and 
(i) when ouisidc an<i moving to the left, the indication is 

negative. 

10. The perimctfT 
of any area may be cnn- 
sidere<! as made up nf a 
combination of inpnitaii- 
vial arcs and railiai lines 
having the fixe<l point of 
the pianimeter a.s c'enter. 
Its total area is the 
algebraic sum of all the 
infinitesimal areas lying 
between each arc and the 
zero circle. 

11. If the pointer 
of the [ilanimeter moves 
arounti each infinitesimal 

area in tuni in such manner that when moving on the ]>rrinieter it 
moves in the same direction as though moving continuously around 
the perimeter only, the pointer will move over all interior Unes an 
even number of times in opposite directions. Therefore the accumulated 
registration of the wheel will be tlie same as though it moved on the 
perimeter only, for all registrations on interior lines will be nuetrahze^l 
by the ctjual motion on them in op[M)site directions. (*'s 4 and d.) 

12. lUferring to Fig. 20, P'e -- CP' / /9 ---- 

W% V, W ■/ /3. 'ilic Hilling of the wheel ^- Wa (<I 2). 
! X W'h , „ . IC'fr 
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= 2 ^i^'f -i"<'') 



-Ui 



(/"' -I- fr + 2n/) ; (w* - fr) - \ 

(ni' + /^ + 2nil cos a.)/ 

= /8/ (n - m cos a.) 

= / X ir'a (i.e.,/ times the rolling of the wheel.) 
13. When the pointer moves around an elementary area 
bounded by an arc, by the corres{)onding arc of the zero circle and 
by the two lx)unding radial lines (all having **r" as center) the re- 
sultant motion of the wheel is the same as though it moved on the 




FiK- J{1. Fixod CVultT liibido Area. 



arc alone (T 0); the wheel rolls a distance equal to the area divided 
by *'/*' {^^ 12). If it moved in turn around each elementary area of 
a large area, the resultant motion of the wheel would be the same as 
though it moved continuously around the perimeter of the larger area 
(•J's 10, 11) and therefore the total resultant motion of the wheel will 
equal the area of the figure divided by **/'*. 

14. Therefore if c = the circumference of the wheel, n the 
number of turns recorde<l by the index, and / the h ngth of the arm 
from // to P, then Area ^ Inc. 
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i5. Fixed Center Inside the Figure. If tlie pointer is 
moved around the perimeter A, Fig. 31, to the rigkty the indication 
will be positive (^ 9) but will indicate only the area between A and 
the zero circle. Therefore the total area will ecjual the indicated area 

(Inc) plus the area of the zero circle ( tt ( rri^ -{- P -\- 2nl)Y If 

the pointer is moved to the right around perimeter B, the record will 
be negative (^ 9) and will correspond to the area between B and the 
zero circle. Therefore the algebraic sum (the numerical difference) 
of the record reading and the area of the zero circle will give the true 
area of B. 

i6. General Rule. Always move the pointer to the right. 
If "C", the pole, is within the figure, add the area of the zero circle 
(algebraically) to the indicated result. If the pole is outside the 
figure the area is given by the product / n c. The scale on the 
reconling wheel is so graduated as to give the result directly. The 
area of the zero circle is usually indicated on the instrument, but it 
may be determined experimentally by finding the distance from the 
pointer to the fixed center, which will cause no rotation of the index 
wheel when the pointer is swung about the center. This is the 
radius of the zero circle. Its area should be reduced to the scale 
of the drawing. 
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TABLE I. 

(Continued. ) 

Horizontal Distances and Elevations from Stadia Readings. 



— - • 


8< 
Hon 


DifT. 


9 
Hor. 


J 

DifT. 


lOO 11 


Q 


Mluutes 


Hi)r. 


Ulff. 1 Hor. 


DifT. 




Disl. 
9S.(H) 


Elev. 
13.78 


Dist. 

97.55 


Elev. 

15.45 


Dist. 

9G.98 


Elev. 1 Dist. 

17.10 9().30 


Kiev. 





18.73 


2 


9S.()5 


13.84 


97.53 


15.51 


9(>.9() 


17.16 96.34 


18.78 


4 


9S.().S 


13.89 


97.52 


15.50 


90.94 


17.21 i t)(i.32 


18.84 





9S.01 


13.95 


97.50 


15.02 


%.92 


1 7.2«) ■ %.2<) 


18.89 


S 


9S.(K) 


14.01 


97.48 


15.07 


9().m) 


17.32 96.27 


18.95 


U) 


<)7.0S 


14.0() 


97.4G 


15.73 


90.88 


17.37 1 m:2o 

1 


19.(K) 


12 


07.97 


14.12 


97.44 


15.78 


1K).86 


17.43 9i).23 


19.05 


14 


07.95 


14.17 


97.43 


15.84 


90.84 


17.48 90.21 


19.11 


U) 


97.93 


14.23 


97.41 


15.89 


%.82 


17.54 %.18 


19.10 


IS 


97.92 


14.2S 


97.39 


15.95 


9().80 


17.59 90.10 


19.21 


20 . 


97.1H) 


14.34 


97.37 


10.00 


90.78 


17.05 , %.14 


19.27 


22 


97.SS 


14.40 


97.35 


lO.OC) 


90.70 


17.70, 90.12 


19.32 


24 


97.S7 


14.45 


97.33 


10.11 


90.74 


17.70 90.09 


19.38 


2() 


97.S5 


14.51 


97.31 


10.17 


9(i.72 


17.81 90.07 


19.43 


2S 


97.s:3 


14.50 


97.29 


10.22 


9().70 


1 7.80 90.05 


19.48 


'M) 


97.S2 


14.02 


97.28 


10.28 


90.()8 


17.92 90.03 

1 


19.54 


'42 


97.S0 


14.()7 


97.20 


1().33 


9().()() 


17.97 90.00 


19.59 


:u 


97.7S 


14.73 


97.24 


1().39 


90.()4 


18.03 95.98 


19.04 


'M\ 


07.7() 


14.79 


97.22 


10.44 


9(>.()2 


18.08 95.90 


19.70 


lis 


97.75 


1 4.S4 


97.20 


1(;.50 


9().0() 


18.14 95.93 


19.75 


40 


97.73 


14.90 


97.18 


10.. ')5 


9().57 


18.19 95.91 

1 


19.80 


42 


97.71 


14.95 


97.10 


1().()1 


9().55 


1S.24 95.89 


19.8() 


44 


97.()9 


15.01 


97.14 


1().0() 


9().53 


18..30 95.8() 


19.91 


4i\ 


97.()S 


15.0() 


97.12 


1(>.72 


9(;.51 


18..35 95.84 


19.9() 


4S 


97.<)() 


1.-).12 


97.10 


1(>.77 


9().49 


18.41 95.82 


20.02 


50 


97.()4 


15.17 


97.08 


10.83 


90.47 


18.40 95.79 

1 


20.07 


52 


97.()2 


15.23 


97.00 


10.S8 


90.45 


18.51 95.77 


20.12 


54 


97.01 


15.2S 


97.04 


1(>.94 


im;.42 


18.57 , 95.75 


20.18 


5() 


97.59 


15..34 


97.02 


1().99 


!M).4() 


18.02 95.72 


20.23 


5S 


97.57 


15.40 


97.(K) 


17.05 


<M).:iS 


18.(;8 95.70 


20.28 


(;o 


97.55 


15.45 


96.98 


17.10 


96.36 


18.73 95.0S 


20.34 


(f 4-0) =0.75 


0.74 


0.11 


0.74 


0.12 


"0.74 


0.14 0.73 


0.15 


({+(•) = 1.00 


0.99 


0.15 


0.99 


O.IC 


0.9H 


0.18 0.98 


0.20 


(f+c) = 1.25 


1.23 


0."18 


1.23 


1.21 


1.23 


0.23 1.22 


0.25 
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TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Reading:s. 



lOO 



130 



I^ 



150 



Minnies ; 


Hor. i 


Diff. ' 


Hor. 


DilT. 


H<.r. 


DitT. 


ll(»r. 


l)i!T. 




Ulst. 


Kiev. 


Dist. 


Elov. 


Disi. 


Elov. 


Dlst. 


EU'V. 





oo.as 


20.34 


94.94 


21.92 


94.15 


23.47 


93.30 


25.00 




mJ 


9r).()5 


20.39 


94.91 


21.97 


94.12 


23.52 


93.27 


25.05 


4 


95.03 


20.44 


94.89 


22.02 


94.09 


23.58 


93.24 


25.10 


fi 


95.01 


20.50 


94.8() 


22.08 


94.07 


23.03 


93.21 


25.15 


S 


95.5S 


20.55 


94.84 


22.13 


94.04 


23.()8 


93.18 


25.20 


10 


95.50 


20.()0 


94.81 


22.18 


94.01 


J.). / 


93.10 


25.25 


12 


95.53 


20.()() 


94.79 


22.23 


93.98 


23.78 


93.13 


25.30 


14 


95.51 


20.71 


94.7() 


22.28 


93.95 


23.83 


93.10 


25.35 


l(i 


95.49 


20.7(> 


94.73 


22.34 


93.93 


23.88 


93.07 


25.40 


IS 


95.4() 


20.81 


94.71 


22.39 


93.90 


23.93 


93.04 


25.15 


20 


95.14 


20.87 


94.08 


22.44 


93.87 


23.99 


93.01 


25.50 


22 


95.41 


20.92 


94.()() 


22.49 


93.84 


24.04 


92.98 


25.55 


24 


95.39 


20.97 


94.()3 


22.54 


93.81 


24.0^) 


92.95 


25.()0 


20 


95.30 


21.03 


94.00 


22.00 


93.79 


24.14 


92.92 


25.05 


28 


95.34 


21.08 


94.58 


22.(>5 


93.7() 


24.19 


92.89 


25.70 


30 


95.32 


21.13 


94.55 


22.70 


93.73 


24.24 


92.8() 


25.75 


32 


95.29 


21.18 


94.52 


22.75 


93.70 


24.29 


92.83 


25.80 


34 


95.27 


21.24 


94.:>0 


22.80 


93.(»7 


24.34 


92.80 


25.85 


30 


95.24 


2L29 


94.47 


22.85 


93.()5 


24.39 


92.77 


25.90 


38 


95.22 


21.34 


94.44 


22.91 


93.()2 


24.44 


92.74 


25.95 


40 


95.19 


21.39 


94.42 


22.1K) 


93.59 


24.49 


92.71 


2().(X) 


42 


95.17 


21.45 


94.39 


23.01 


93.r)() 


24.55 


92.08 


2().05 


• 

44 


95.14 


21. .50 


94.3(> 


23.(K) 


93.53 


24.()0 


92.()5 


20.10 


40 


95.12 


21.55 


94.34 


23.11 


93.50 


24.()5 


92.()2 


2().15 


48 


95.09 


21.00 


94.31 


23.10 


93.47 


24.70 


92.59 


2(>.2() 


50 


95.07 


21.00 


94.28 


23.22 


93.45 


24.75 


92.5() 


2(i.25 


52 


95.04 


21.71 


94.20 


23.27 


93.42 


24..S() 


92.53 


2().30 


54 


95.02 


21.70 


94.23 


23.32 


93.39 


24.85 


92.49 


20.35 


5() 


91.99 


21.81 


94.20 


23.37 


93.30 


24.90 


92.40 


2(;.4() 


58 


94.97 


21.87 


94.17 


23.42 


93.33 


24.95 


92.43 


20.45 


60 


94.94 


21.92 


94.15 


23.47 


93.30 


25.(M) 


92.40 


2().50 


(f+r)rr0.75 


0.73 


0.10 


0.73 


0.17 


0.7M 


0.19 


0.72 


0.20" 


(f-f-O =0.9S 


0.98 


0.22 


0.97 


0.23 


0.97 


0.25 


0.90 


0.27 


(f+e)=1.26 


L22 


. 0.27 


1.21 


0.29 


1.21 


0.31 


1.20 


0.34 
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• TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Readings. 



1 


16 


> 


r 


•o 


\\iO 


\^ 


MlnutOK 


Ilor. 


DIIT. 


Hor. 


Difl. 


Hor. 


Dlff. 


Ht>r. 


DifT. 




Dlst/ 

92.40 


Kiev. 
20.50 


Dlst. 



9L45 


ElfV. 

27.<K) 


Dlst. 


Elt'V. 


Dist. 


KK'V 





1K).45 


29.39 


89.40 


30.78 


2 


92.37 


20.55 


91.42 


2S.01 


J)().42 


29.44 


89.3() 


30.83 


4 


92.34 


20.59 


91.39 


2S.(K) 


90.38 


29.48 


89.33 


30.S7 


() 


92.31 


2().04 


91.35 


2S.10 


90.35 


29.53 


89.29 


30.92 


S 


92. 2S 


2().()9 


91.32 


2S.15 


90.31 


29.r>8 


89.2() 


30.97 


10 


92.25 


2(5.74 


91.29 


28.20 


90.2S 


29.02 


89.22 


31.01 


12 




2().79 


91.20 


28.25 


(K).24 


29.07 


89.18 


31.00 


14 


92.19 


2().S4 


91.22 


28.30 


{K).21 


29.72 


89.15 


31.10 


1<) 


92.15 


2().S9 


91.19 


28.34 


<K).1S 


2^).70 


89.11 


31.15 


IS 


92.12 


2().04 


91.10 


28.39 


0().14 


29.81 


89.08 


31.19 


20 


92.09 


2().99 


91.12 


28.44 


90.11 


29.8() 


89.04 


31.24 


22 


92.(K> 


27.04 


91.09 


28.49 


90.07 


29.90 


89.00 


31.2S 


24 


92.03 


27.09 


91.00 


28.54 


<K).04 


29.95 


88.<H) 


31.33 


2() 


92.(K) 


27.13 


91.02 


28.58 


m).(K) 


30.(K) 


88.93 


31.3S 


2S 


91.97 


27. IS 


90.99 


28.()3 


89.97 


30.04 


88.89 


31.42 


;u) 


91.93 


27.23 


90.9(> 


2S.()S 


89.93 


20.(M) 


88.S() 


31.47 


:;2 


91.90 


27. 2S 


90.92 


2S.73 


89.90 


30.14 


SS.S2 


31.51 


:\\ 


9I.S7 




<H).S!) 


2S.77 


S9.S0 


30.19 


SS.7S 


31.5(i 


M'y 


9I.S4 


27.3S 


90.S() 


2S.S2 


S9.S3 


30.23 


88.75 


31.(>0 


:\s 


9 LSI 


27.43 


90.S2 


2S.S7 


89.79 


30. 2S 


88.71 


31.05 


40 


91.77 


27.4S 


1H).79 


28.92 

1 


S9.7() 


30.32 


88.()7 


31.09 


42 


91.74 


27.52 


90.7() 


28.9() 


89.72 


30.37 


88.()4 


31.74 


44 


91.71 


27.57 


90.72 


29.01 


S9.()9 


30.4 1 


88.()0 


31.78 


40 


91. OS 


27.()2 


<K).()9 


29.00 


89.05 


30.40 


8S.5() 


31.83 


4S 


91.05 


27.()7 


90.00 


29.11 


89.01 


30.51 


88.53 


31.S7 


:)0 


91.01 


27.72 


1K).(>2 


29.15 


89.58 


30.55 


88.49 


31.92 


r)2 


91.5S 


27.77 


90.59 


29.20 


89.54 


30.()0 


88.45 


31.90 


54 


91.55 


27.S1 


<K).55 


29.25 


89.51 


30.f)5 


SS.41 


32.01 


r)() . 


91.52 


27.S0 


90.52 


29.30 


89.47 


30.()9 


88.38 ' 


32.05 


ns 


91.4S 


27.91 


90.4S 


29.34 


89.44 


30.74 


SS.34 


32.09 


()0 


91.45 


27.90 


(K).45 


29.39 


89.40 


30. 7S 


SS.30 


32.14 


(fj-(.)^().7r) 


0.72 


0.21 


0.72 


0.23 


0.71 


0.24 


0.71 


0.25 


(f+o) = 1.00 


0.S6 


0.28 


0.95 


0.30 


0.95 


0.32 


0.94 


0.33 


(f+c) = 1.25 


1.20 


0.35 


1.19 


~0.38 


~1.19 


0.40 


l.ls 


0.42 
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TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Readings. 





20° 


SI 


o 


22° 


030 


Miiiul«s 


"■HofT" "Diff. 


Hor. DIR. ' Hor. Dlff. 


Hor. 


Diri. " 




Dlst. 

.SS.3() 


Elt'V. 


Ulsl. Elrv. 1 Dl.st. 


Elfv. 


Dlsi. 

84.73 


Elev. 





.32.14 


87.16 .^3.46 ' 85.97 \ 34.73 


35.97 


2 


S.S.2() ' 32.18 


87.12 , 33.50 85.93 ■ 34.77 


84.09 


30.01 


4 


88.23 32.23 


87.08 33..54 85.89 


34.82 


84.()5 


30.05 





88.19 32.27 ' 


87.04 


.33..59 85.85 


.34.86 


84.01 


30.09 


S 


88.15 : 32.32 


87.00 


33.63 85.80 


34.90 


84.57 


30.13 


10 


88.11 , 32.36 

1 


86.9() 


33.67 


85.76 


34.94 


84.52 


30.17 


12 


• 

88.08 ' .32.41 


86.92 


.^3.72 


8.5.72 


.34.98 


84.48 


30.21 


14 


88.04 .32.45 


8(5.88 


.33.70 


8.5.68 


.35.02 


84.44 


30.25 


10 


88.(X) 32.49 


86.84 .33.80 


R5.64 


3.5.07 


84.40 


30.29 


IS 


87.9(5 .32.54 


86.80 ' 33.84 85.60 


.3.5.11 


84.35 


3().33 


20 


87.93 , 32..58 


86.77 


.33.89 


85.5(5 


35.15 


84.31 


3().37 


22 


87.89 32.63 


86.73 i .^3.93 


8.5..52 


3.5.19 


84.27 


30.41 


24 


87.8.5 .32.67 


86.69 .33.<)7 


R5.48 


.35.23 


84.23 


30.45 


20 


87.81 : 32.72 


86.65 34.01 


85.44 ; 35.27 


84.18 


30.49 


28 


87.77 32.76 


86.61 . .34.0() 


85.40 


35.31 


84.14 


30.53 


:u) 


87.74 


32.80 


86.57 34.10 


8.5.30 


.35.36 


84.10 


30.57 


32 


87.70 


32.85 


86..53 


.34.14 


8.5.31 


.35.40 


84.00 


30.()1 


34 


87.66 1 32.89 


86.49 1 34.18 • 8.5.27 


.35.44 


84.01 


3().()5 


3() 


87.62 32.93 


86.45 34.23 


85.23 


.35.48 


83.97 


30.09 


3S 


87..58 32.98 


86.41 


.34.27 ', 8,5.19 


.35..52 


83.93 


3().73 


40 


87.54 


3.3.02 


8(5.37 


.34.31 : 85.15 


.3.5..56 


83.89 


3().77 


42 


87.51 


33.07 


86.33 


34.35 


8.5.11 


.35.60 


83.84 


30.80 


44 


87.47 


33.11 


86.29 


34.40 85.07 


35.64 


83.80 


30.84 


46 


87.43 


33.15 


86.25 


34.44 '. 8.5.02 


35.(58 


83.70 


30.88 


48 


87..39 


33.20 


86.21 


34.48 


84.98 


35.72 


83.72 


30.92 


m 


87.35 


33.24 


86.17 


.34.52 


84.94 


.35.76 


83.07 


30.9() 


52 


87.31 


.33.28 


86.13 


.34.57 


84.90 


.35.80 


83.03 


37.(10 


fA 


87.27 33..33 


S6.0<» 34.61 : 84.8(5 35.85 


83.59 


37.04 


50 


87.24 .33.37 


86.05 


34.(55 84.82 35.89 


83.54 


37.08 


.58 


, 87.20 \ :«.41 


86.01 


.34.60 1 84.77 .35.93 


83.50 


37.12 


00 


: 87.16 33.46 


85.97 .34.73 84.73 .35.97 


83.4() 


37.1() 


(f+fO^O.?.") 


' 0.70 


"0.26 


0.70 0.27 0.(59 0.29 


0.()9 


0.30 


(f+r) = 1.00 


' 0.94 


0.35 


0.93 ~0.37 0.92 0.38 


"0.92 


~ 0.40 


(f+c)=1.25 


1.17 


0.44 


1.16 i 0.46 


! 1.15 


0.48 


1.15 


0.50 
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TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Reading:5. 





24 ; 

Hor. DilT. 


25 
Hor. 1 Dlff. 


2; 
1 Hor. 


Diff. 


.» 


:° 


Minutes 


Hor. 


Dlff. 




Dlst. 


Kiev. 


Dist. 


j Elev. 


1 Dist. 


Elev. 


Dlst. 


Elt-v. 





S3.4() 


37.10 


82.14 


38.30 


80.78 


39.40 


79.39 


40.45 


2 


S3.41 


37.20 


S2.(M) 


1 38.34 


80.74 


39.44 


79.34 


40.49 


4 


S3.37 


37.23 


82.05 


' 38.38 


80.09 


39.47 


79.30 


40.52 


() 


S3.33 


37.27 


82.01 


38.41 


80.05 


39.51 


79.25 


40.55 


S 


S3.2S 


37.31 


81.90 


3S.45 


80.00 


39.54 


79.20 


40.59 


10 


S3.24 

1 


37.3."> 


81.92 


38.49 


80.55 
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For illusf rations of many of these si^ns in their true co/ors, see Phte Jlf. 
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RAILROAD ENGINEERING. 



RAILROAD SURVEYS. 

1. General Principles. Tli- cii^iinwi- shmild Imvt- first, a 
tlioroiiffli Hpprt'fifttiuii uf llie (ibi<'(.'tB U> Iw ai-uuiiiplislied liy tlio 
aiirvep. He slioiiM rwilize that, except in the rare ciiaes wlif ru it 
is liiltieiilt to liiiil iriii/ practicable line, very littUi engiTieeriuir 
trainiiiij or ability i» rei]iiired to lay uutaliiie over which it would 
Ihj [iliyeical !y |M>iJail)]e lo run traiua. A line as laid out may violiite 
hU rules of loeatiou, may be expeiifiive to operate and have diwail- 
vantu^reti which will di8cotii"ftgB tratfic, and yet traiiia f/ir lie run 
over it. Frnni the iutitiitu number of posaible locations, the eu- 
f^iiieer must schvt the location which Iiest satlstiea the various con- 
iliutiii^ iuterestH, His value asaii f-ntriiieer dei)eiida on liis abiliiy 
to interpret llie natural conditions ami dcBif^n the line awordiugly. 
This ability la only obtained by a llioroufrh knowMlye of tlie whole 
subject of railroiid engiuetiriiii;. snppl<'im:!nted by practical es|)e- 
rience. It is theivfore true that many of tlio followiuj; stateiiients 
will not be thoroiiij;lily iippre<^'iate«i until the student has covered 
the whole aniiject and ibeii i-eviews it. 

3. Conflicting Interests. There are several classes of Iiiler- 
ests. wliicli are ^euernily more or less conflicting, which affect the 
location of every iiue' 

(»f) '/'/"f i,i.'/!.it >-'.Mf h/muU 6" a mi'/n'ifi'iiii. Imt the ibeap- 
est road i^nerally has sharp corvatare. steep pradea an<l iucou- 
reiiieut iMmtion. 

(A) 77.^ '.f>en<t;,. 
W»;,««»., which iage. 
tnre ahould \iv light r 
tainable exwpt at great cost. 

(r) ne In.-.'f..',, »},.,„}.} h.' r.,„V^„;.;a t., HOUPce* uf t,-,>jfu! 

eu ibat the maxlniiini trafHc wilt be obtained, but thin ia geiieralty 
very costly. 



div eipiivalent to saying tliat lln-curva- 
, but this is usually unob- 



lid the grades lo' 
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A little study will show the frequent conflict of the above 
conditions. When a proposed location evidently combines the 
above interests advantageously, instead of bringing them into con- 
flict, then there is no doubt as to the proper location, unless it 
^aflEects unduly the adjacent location. The best engineering ability 
is a cheap investment when deciding on a location which requires 
a delicate balancing of the claims of several possible routes, each 
with its own combination of greater or less initial cost, greater or 
less operating expenses, and greater or less effect on the probable 
revenue of the road. 

RECONNOISSANCE SURVEYS. 

3. Essential Problem. Vroui the above con sidemt ions it may 
readily be seen that the first survey to be made (called the recon- 
noissance survey) consists essentially of a broad examination of 
the country through which the road is expected to pass. Business 
considerations usually predetermine that the road is to connect 
certain termini and also pass through certain intermediate impor- 
tant towns or cities, but the problem consists in finding the lx*st 
route between the predetermined points. When two consecutive 
])redetermined points lie in the same valley or on the same bank of 
a river too large to l>e easily bridged, the location is self-evideiit. 
If the river is smaller, easily bridged, has sharp bends, with 
variable banks and important towns on either bank, it will usually 
re(juire a close examination of each bank to determine where to 
cross if at all. When the two points are many miles apart, lie in 
different valleys, and are therefore separated by one or more sum- 
mits, the selection of the best route becomes more and more com- 
plicated as the n limber of possible routes becomes greater. It is 
generally true, although not invariably, that a cross-country route 
which includes the lowest summits and the highest /(nr jfolnfA 
(such as river crossings) will give the best grades. Sincc» the 
*M*uling grade " is the most important physical consideration for 
the engineer, as will be developed later, the chief work of the 
reconnoissance survey (apart from considerations of probable 
tratHc) is the determination of the elevations of summits and 
satjs and the distance between them, toijether with the constructive 
character of the country. 
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4. Utilization of Existins: Maps. The IT. S. (leological 
Survey lias already published contour maps of a large j)art of the 
country which enable an engineer to select a line with even 
greater ease and certainty than he can from a reconnoissance nuip 
made for the purpose (as usually made), since the I'. S. G. S. maps 
show the whifle country and enable the engineer to rapidly com- 
pare a dozen suggested routes instead of confining his attention to 
the (usually) limited area of the special map. The errors of the 
U. S. G. S. maps will seldom if ever be sufficient to vitiate the 
accuracy of the preliminary route laid out from them. Usually a 
brief study of the map will demonstrate that one (or |)erhaps two 
or three) general route has advantages so pronounced over all 
other possible routes that the choice is immediately made or is at 
least reduced to the comparison of two or three lines which are so 
nearly equal that closer and more detailed surveys are necessary 
to decide between them. County atlases are usually sntHciently 
accurate for reconnoissance purposes to the extent of giving the 
relative horizontal positions of governing points of tin* survey. 
Elevations may be determined (as described later) and j)lotte(l on 
these maps. 

5. Surveying Methods. When relial)le contour nui[)s are 
unavailable, some of the following methods may be used to till out 
existing maps or to make a complete reconnoissance survey. Tlie. 
essential point is the rapid determination of those details from 
which one route is shown to be su[)t»ri()r to another. Nothing 
useless should be surveyed and no time should be wasted on an 
unnecessary degree of accuracy. The physical eliaracterislics of 
two routes have usually such differences that they are apjiarent 
even with rapid and approximate methoils of surveying. If two 
routes are so nearly equal that a decisive choice cannot he made 
from the results of reconnoissance surveys, it sliows that a more 
accurate survey should be made of both routes. 

6. Elements. The three elements of the survey of Muy 11 nc^ 
are {ti) the length, (fi) the direction, and (r) tlie s1<)[h* or tin? relatives 
elevation of the two ends. D'tHfninr. Tin* length is HomeliineH 
determined with sutHcient aeeuracy bv riacintr. the sterjs Immu*^ 
counted witli a j>edonieter. In an ()[)en prairie (Muntrv. uliere a 
buwy may be run. an odometer attached to a wln*el will er>unt the 
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revuhitlons. An (KliimeU'r on a wliwl. attaolipd to a fraitit! an* 
truiiiilwl liky a wliwlljarrow. baa 1m<<'|i used for the same puriM>at)J] 
A Iiirge tfleacoiie, iiionnteii with a iiiiivt-rsal joint on a wrj lightl 
trijfod, and fitted with stadia wires 90 adjusted that distances oH 
2,001) or even 2,o()ll feet nin Iw read to the nearest 10 feet on a 
10-foot rod, will give the distances lietween widely separated sta-fl 
tions with snfficient accuracy and extreme rapidity. D/'r 
may be obtained with siifHcietit accuracy with a coiiifiass — e 
the [loeket type. Li'et'linij. Spirit leveling is too slow and an-t 
piTisive for the rapid surveying here reijuiivd. If stadia nu'thudaj 
ai-e nsed with an instrnnient providi-d for reatling vertical anglM,! 
the inclination of all lines may t)e observed and the elevations 
all stations computed. A still more rapid method of ohserviiija 
diffffences of elevation with siitHcient accuracy for the {lUrpoa 
found in the use of an aneroid liaroincter, BU[ipleuiented hy anothen 
aiieniid or jjreferahly liy a mercurial barometer. The mereiirialj 
or the ofhce aneroid, is kept at some office whose elevation ia known' 
iiiid observations are regularly taken (say every half liour) dnriiitf 
the period when observations are lieing taken in the field wilh ihaj 
tield aneroid. The field aneroid is taken to each place, withi 
range of several mites, where elevations are desireil. At each {lointl 
iliere should be noted (see tlie fortn of notes lielow) the time. l\w^ 
described location, the aneroid reading and the tem[ieriitnre. If) 
[RMsible, duplicate readings should lie taken on the triji to and fi-otftl 
the office on all inijwrtant points. The elevations of Hueceetliuffl 
office lot'ations made, may be determined with the field aneroid if! 
necessary, but of course extra care should l>e taken witli such worlu^ 

Aneroids are usually "comjiensated for temperatnre," 
ill I justed that they will give a true reading reganllessof teni|ieralure^ 
If an aneroid has not been so adjusteil, it should l)e carefully coiD^ 
pared with a standard mercurial bfti-<nneter uniler widely varyinj 
ctmdiliona of temperature and » tabular form should be made 
for that aneroid showing the corr^wtion to be applied at any givaiii 
teniperatUR'. On account of the expansion of mercury with tum--J 
{ti^rature, and also the expaniiion (at a ditTerent rate) of the tuWj 
and cistern, all readings of the mercurial barometer must 1 
"redifced to 32^ F.," />.. reduced to the reading it would hi»ve, 
tiie temi>eniture of the iuatrumcut were ij- ' F, This ia readily a 
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eomplished by means of Table XL* At the offiiv, each half-ht>urlv 
observation should include the time, the readincr of the scale show. 
incT the heicrht of the mercury, the readinsr of the '•attached ther- 
iiiometer'' (the thermometer attaclied to the mercuriaL and also 
the temperature of the external air. AVhen the mercurial is in- 
doors these two temperatures may differ somewhat. AVhen re<luc- 
ing the observations interpolation should l>e made if necessarv 
lx?tween the reduced office observations to determine the proliable 
reading of the mercurial at the time of any given lield observation. 
Deteniiine from Table XII the hcitjhts corresiiondini/ to the iicid 
reading and reduced office reading for each [>air of observations. 
Their difference is the ffj^j^ro^ufifffc difference of elevation of tlie 
office and of the jJace of the field observation. If necessary this 
may l)e corrected by an amount eijual to the approximate differ- 
ence of elevation times a cot*fficient <lerive<l from Tal»le XIII. This 
c(K'fficient is found opjjosite the numln^r which gives the ><'//// of the 
temj)erature8 in the field and outside the office. The correction is 
fre<juently too small to Im noticed. An ap|)roxiniate calculation 
will often show this, or will give a solution to the nearest foot, 
which is amply accurate. An aneroid, no matter how j^rfect, will 
seldom acrree exactly with a mercurial barometer, and even if ad- 
justed to the same reading will soon indicate some discre|)a]iey. 
It is therefore U^tter to leave the adjustment undisturlxMl and 
a pT)ly corrections. The aneroid should therefore beconipare<l with 
the mercurial before leavinjx headnuarters for a day's work, and 
the readings of both and their i/ifm ttrr should be recorded. 
Immediately after returnintr from the day's work the aneroi<l should 
a<rain Ixi^ c<mi[)ared. The absolute reading of the mercurial will 
probably l>e higher or lower, but the ilifrrrnr, should 1k» nearly 
the same, althoutdi it is found that an aneroi<l will lag somewhat 
behind its true readin<r, esiKH'ially if it has b(»en subjecte<l to an 
extreme variation of ])ressun». All the fit^ld readings of the an- 
eroid should there^)re be corrected by the nnnn of the initial an<l 
final differences. The method and the above explanation may be 
illustrateil by the following numerical (vxanipl' .;: 

7. Examples. L (iiven a reading of 'Js.OU'J on a ni«'r- 

•Th«'ta»)l.-srfffrr<-«l t<. in this Ikm.U an* Tkh;onc.mktki.T milks, pr.'pamlhy Walter 
Ix)rlug VVt'bb. ana i»u»»ll.slu-a by the Aiucricau ScIk.oI nf C'orrrspnna.iur 
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curial barometer, what is its reading when reduced to 32^ F., the 
reading of the attached thermometer being 68.5' P\? In Table 
XI, under 28.5 and opposite (58^ we find - .101. Under 29.0 and 
for 68^ we find - .103. For 28.692 and 68" it evidently should l^e 
- .102 (to the nearest thousandth). Similarly for 28.692 and 69 
we may derive - .105. For 28.692 and 68.5'' it would be the mean 
or - .1035, which we will call - .103 since it is useless to compute 
the correction closer than the nearest thousandth. Then since the 
correction is -.103, the corrected reading should be 28.589. With 
a little practice the interpolations, when necessary, may be made 
in far less time than it Uikes to descril>e it. 
2. Verify the follow! nc^ reductions: 



Bar. n-atUnj;. Temp. Kciliu-cd remlinK- 



27.892 78.5 27.767 

28.47o 8o. 28..'V«) 

.m847 48.5 'J().7a2 



3. lieduce the following readings: 27.294, 47 ; 29.462, 87 •, 
26.230, 7S.5 •, 25.241, 62 ; 26.4N1, 75 ; 29.625, 89.5'; 30.942, 
88.5 ; 29.784, 46.5 ; 28.38(), 48 ; 27.942, 74.5 . 

4. Compute the barometric elevation corresponding to a 
reading of 28.589. From Table XII the reading for 28.5 is 1397 
and the difference for .01 is -9.5; therefore, for .089 the correction 
will be -9.5 X 8.9 =^ -84.55, or in whole numbers -85. Then 
1397 - 85 = 1312, the corrected reading. 

5. Verify the following elevations from the reduced read- 
ings: 26.35(), 27.767, 28.330, and 30.792; /.<., 3528, 2107, 1560, 
and - 710. 

(). Conipute the barometric elevations corresponding to the 
rcfl iK'cd rexnliiH/s found by solving Exaniple 3. 

7. With an approximate difference of elevation of -136 feet 
and field and office temperatures of 62 and ()7 , what is the true 
difference of elevation^ ()2 + iSl = 129. For 129nhe coeffi- 
cient is(bv interpolati(Mr) -|- .0357. 13<) x (+ .0357)= + 4.8552. 
Vov this slicrht difference of elevation, the coefficient is fffr more 
accurate than necessary, and of course the correction is called + 5. 
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The difference of elevation sliould be hirreaHcd by 5, but the dif- 
ference is essentially negative. Therefore we have as the correc- 
tion -(+ 5). The true difference of elevation is - 130 - (+ 5) --^ 
-141. 

8. The following example shows not only the method of 
recording the observations but also the complete solution of a 
])roblem. 



Time. 


Mercurial 


Attach^Hl' 


Rediietion to 


CV>rreoted 


External 


barometer. 


thermometer. 


:«o F. 


readiUK* 


thermometer. 


7:00 A. M. 


28.692 


62'^ 


-.087 


28.605 


60^ F. 


::«) 


.724 


64 


-.092 


.()32 


62 


8KJ0 


.756 


66.5 


-.099 


.r»o7 


64 


:30 


.782 


68 


-.102 


.680 


65 


9:00 


.824 


69 


-.105 


.719 


(>6 



The observations taken in the field at this time were as given 
in the first four columns of the following tabular form. The 
other columns are computed later in the ofKce. 

(Left-hand page of notes.) 



Time. 


Place. 




Aneroid 


• 


Therm. 


Corrected 
aneroid. 


Corrected 
mercurial. 


1 
7KX) A. M. lOfficG 


.J 1«.743 


62^ 

63 

65 

66 




28.605 


7:20 
8:10 

ft 

8:50 


R. R. Junction. 

Blue River 

Saddle in 
Beanpole ridge 


.769 
.860 

.522 


28.631 
.722 

.384 


.62.3 
.665 

.706 


(iiighi 

Ext. temp, 
office. 


t-hand page ol 


■ notes.) 




('orrectinn 
for temp. 




Approx. field 
reading. 


vp] 

1 


prox. office 
reading. 


D 


IfTerence. 


Difference of 
elevation. 


• • • • 

62=> 

64 

66 


1273 
1186 
1508 


1280 
1240 
I'iOl 




-7 

-54 

+ 3(jr7 


b 

-(+2) 
+ 12 


r*7 

-56 
-i-319 



8. Low Ruling: Grades, It will be developinl later that a 
low ruling grade is of prime importance. The approximate value 
of the ruling grade is determined from the reconnoissance survey. 
If the country is mountainous, it may be necessary to 'Mlevelop" 
the line in order to reduce the grade. '•Development" here 
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iiifKfie A ilelilHT«tn iiurreftBO in lIib lunglli of the line Ik'tweeii twii 
]> rede ten uined points so that the rate of grade Hhall lie as luw as 
desired. The Oeorfjetowii spiral, sliowri in Fig, 1. i^ jterliapa llu- 
most fninoDS e.\aiiipie in this country of tins general inetliotl. A 
Bindy of the course of the traek will illustrate several nietluRls nf 
tiikiu^ iul vantage of tLe to|)ograp]iy and atUtining a cotisideralili- 
elevation although the grade is kept low. 

PRELIMINARY SURVEYS. 

9. General Object. The reeoiinoissance siirvev has shown 
liiat the iR-Bt location for the roiid will lie somewliere through a 
certain belt of- counlry. In some piaees this Iwlt may he very 
narrow, i.e., certain to[iographical features will determine that the 
road 7r>"«( pass through a strip hut little if any wider than the 
roadlied requirement a. In other places the choiee of (^lossihje loca- 
tion is so widened that it in necensary to survey everything within 
reach of the backbone line of the survey. The williiigTiess or finan- 
cial ability of the conijuiny to ignore minor topographical con- 
siderations and incur heavy expense in order to iilttain economic 
advantages, may also widen the aiva of [KiBsihle hwation. As a 
general statement, the width of the belt surveyed should so vary 
as to inelntle all practicable Iwations along that general route. 

10. Cross Section Method. A broken line is run which 
nUnU lie as near the ex[)eeled location line as jiOBsible. The liear- 
ing and length of each segment of the broken line is determined 
and also all essential to|)Ographicnl features on either side. Bear- 
ings are sometimes taken only witli a compass, which has the 
advantage of great rapidity but lessened accuracy. For more ac- 
curate work, true azimuth is carried along by means of back sights 
at previous stations. The a/imnths betweeu stations should l)e 
elieckec! by means of needle readings. It is advisable to determine 
exa<^'t a/.imutti at the Ijeginning of a survey and at intervals of a 
few miles. This unty be done by observations on Polaris (see 
I'lano Surveying. Part 1 1. Pages US to !)7|. or still lictter. by solar 
olmervatious which may l>e taken with great accuracy at any time 
of day. Set stakes at each even KM) feet. In general the instru- 
ment stations will not occurat the even 100- foot distances, but the 
odd distance should alwiivs be carried on lo the next course. The 
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stakes should Ijti alMtiU tiftivn iiicliea long and a!)oiit one-aiid-o 
c{Utirter inches eijiiiire. Stakes with a cross -seictiou of unt; iiiirh 
one-aad-oiie-half iin'hea are preferrwl by some. The stakes im 
patiiig the KKt.foot stations should Iw driven to within five ir 
of the ground. Stakes indicating the Iwationa of the transit (fi 
liuhs) slionid lie driven flush with ihefjronnd. A '■ wilness stak< 
^lionld then Iw driven three feet to tlie right and on this atai 
should lie marked the station nninlier and the " [>1iis digtanco 
e.if., the stake might show 137 + 4(J, which wonhl indionttt that tl 
stake was 4') feet beyond Sta, liS7, and 13,7411 feet from thtt stai 
ing |xiint. Station stakes should be marked with the statii 
number On the 7T'Jr side of the stake. Immediately folluwiug 
transit [>arty, the level partyshould obtain t!ie elevations alntve 
datum plane of all stations and substations, ridges, sags, river ba 
and any point where the jirofil^ changes abruptly. 

II. Cross Sectioning. Use a Ix)cke level, resting on a fi' 
foot stick, a 50-foot tape and a ten-foot rod graduati-d to feet and 
tenths. The cross-section party takes cross sections (nsualty) at 
evei'y 100-foot stake, the cross section being made fierpcndicalar 
to the backlmne line of the survey at that jilace, as is indicated by 
the dotted lines in Kig. -. It is desired to plot on the map con 
tours at each iive-fool interval altovB the datum plane. Let F 
3 represent a typical cmss section. Set the level (on its five-ft 
8tick| at the stake S. The elevation of this stake given by 
level party is (say) lliH.4. The level therefore has an elevation 
174.4. If the level rod is moved up hill until it is found (by 
trial) that 4.4 mark is on a level with the telescope, then the baso 
of the rod must have a level of 170 and iiinst be on the ITO-foot 
contour. Measure the distance hurhoiitirJIij from stake to rod 
and record as shown in Fig, 4. Leaving the level roii at that point, 
csrrj' the stick and level up the hill until a level line striki 
top of the rod. The liaae of the stick is evidently on the lT5-f( 
contour. Measure and record tlie distance as before, (.'arry 
level rod to that point and in a similar manner determine the 
foot contour if desired. The ItJu-foot contour is evidently fl,4 
lielow the telescope when on the 5-foot slick at the center si 
Tile distance from the center to the 105-foot contour can thi 
found. Lower contours can be similarly obtained. The re 
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should l>e plotted in a note-book ruled in <|uartei-inc!i Bijiiiirea, 
eftch side of a afjnare representing 25 feet. The work will tlif n be 
plotted on the scale of 100 feet per ineli. If the siU'cessire etatioris 
are plotted up the pa};e, the drawing will correBpond with tlie 
points when looking ahead along the line. After plottinij eaeh 
section, the corresjwndi ng contonrs shonld lie eonnec'ted to form ik 
t^ketfh like ^'ig- i- The crossing of the main line by a contour 
may lie sintilarly determined. Fig, 4 is simply nti cnlargeil detail 
of a sketch like Fig. 2. Alihongh the I^ocke level io jtieanalile of 




acenrate leveling work, imy error that may Ih* made hy the alKtve 
method is contined to the station where it occnrn and ia not tarried 
on and made cnmulative. Willi reai:onal)le eare snth injiccnnicies 
can l>e kept within desired liniils, while the rapidity is far greater 
tlian a more acenrate method. 

12. Stadia Method. This consists simply of a stadia survey 
of a long and narrow belt of eonntry liy the same gerieml methi)ds 
as those em |>]oyed in ordinary stadia. topographical surveys. One 
advantage of tiiiH method is that the levels can l)e carried along 
very successfully as a part of the stadia work, if particular caiv is 
taken to always obtain practical agreement in the vertical angles 
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for the foresight and hacksight betwiwii coiisecmive Btations. Tliia 
will generally permit more rapid work, aa tlie progress of the 
whole party is sometimes limited by the progress of the level 
pai'ty. The added cost 
of the level pai'ty is also 
saved. It is here as- 
sumed that the details 
of stadia work have al- 
ready been studied and 
therefore no further dis- 
ciiBsion will be given of 
this very simple appli- 
cation of the general 
method. As in the ]irevions method, the primary object of the 
survey is the preparation of a map showing the contours and 
required to|H>graphical features over the desired area. 




Frp. .1. 




rtg. 4. 

13. Party Required. It has been foreiblysaid that the only 
duty of the flii.'f-nf.jmrtij is to '-keep his eyes open". The 
selection of the Iw8t route for a road so de[)end3 ou a close study 
of the country that if the chief -of -jwrty is re(juired to do the work 
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of transitman, as is soiiietinies the case, the work of either position 
is apt to suffer. The work of tlie transitman is so exacting that 
he should not be required to spend any time in studying out a 
route. Beside these two, there sliould be two flagmen, two chain- 
men, one stakeman and two or more axemen — depending on the 
wooded character of the country. On stadia surveys the flagmen 
and chainmen may be replaccni by two or more rodmen; it is also 
economical to have a recorder, as it facilitates the progress of the 
whole party. The cross-section party should consist of a level- 
man, recorder, and two tapemen. This party can be cut down to 
three, or in an emergency two, but it is uneconomical in the long 
run. The level party will consist of a leveler and rodman. If 
the party is camping out, a cook and one or more teamsters will 
usually be required to handle the camp equipage, as it is unwise 
to require the surveyors to spend their time in such work. 

14. Re-surveys. Much of the defective location of rail- 
roads is due to (1) deciding hastily on a general route, (2) then 
surveying a line through the belt with great detail and accuracy, 
(3) then locating the line substantially as first surveyed, because 
the line is fairly good (or at least not very bad), and also because 
of an unwillingness to throw away the detailed work of a large 
party for several weeks. Frequently a great amount of unneces- 
sary and wholly useless detail is surveyed and plotted during the 
reconnoissance and preliminary surveys. These surveys should 
only include those salient facts which instantly stamp a route as 
being inferior or superior to another. Usually the general loca- 
tion of a large part of a route is self evident or may be deter- 
mined after a brief examination. But there are generally places 
along the line w^here for a few miles a hasty examination of two 
or three lines is not only justifiable but is the only proj)er course. 
Two or more of these short loops may show advantages so evenly 
divided that a more elal)orate survey is necessary to decide Ix^tween 
them. Even after the location survey has been made, or even 
after construction has In^gun, changes are often proper, but if the 
preliminary surveying has been well dcnie only minor changes 
should be needt»d. A few hundred dollars sjx»nt on extra survey- 
ing is a wise investment considering the great probability of an 
immediate saving of as many thousands in construction or of an 
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operating advantage wliose annual value might be as great as the 
cost of the extra surveying. 

LOCATION SURVEYS. 

15. Selecting a Route. Much of the railroad location of 
the country has been done by picking out the line on the ground, 
even making it follow in places the backbone line of the prelim- 
inary survey, running from one course to the next l)y means of 
suitable curves. In the hands of a good engineer the method is 
not necessarily very bad, but it is much improved by the following 
modification. Paper location. The work of the preliminary sur- 
vey is carefully plotted from the transit notes and cross-section 
book to a scale of 200 feet per inch. On this map may be plotted 
one or more trial location lines. Each of these consists of circular 
curves joined by tangents. Tlie location line must pass through 
any predetermined points and yet join them by lines which will 
give the best location, considering the conflicting interests as 
descril>ed in section 1. Within the limits of the preliminary 
map several locations are generally possible and ^ne great element 
of the value of such a map lies in the ease with which several 
routes may be laid out and compared. Profiles may be drawn for 
each line laid down by noting the intersection of the line witli 
each contour. Drawing on the profile the required grade line will 
give a relative idea of the amount of earthwork required. The 
method is esjHJcially valuable when ''development" is necessary. 
Although such a line must sometimes be laid out by a bold and 
a])parently unsystematic trial of a route, yet some approach to a 
systematic solution may be made as follows: Assume that the 
uiaximum ruling grade has been determined as 1.2 per cent, and 
that the contours have, as usual, a five-foot interval. It will 
re(juire 417 feet of 1.2 per cent grade to rise five feet. Set a pair 
of dividers so that they will step off 8])ace8 of 417 feet on the 
maj). Starting on a contour at tlie required beginning of a grade, 
swing the dividers so that tliey will just reach the next contour 
and continue to step off such spaces. Joining these points, such 
a line would be a purely surface line, would probably be very 
crooked and otherwise unsuitable, but it probal)ly would be sug- 
gestive of a practicable ror'^e. After locating on the map the best 
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obtainable line, it should then be transferrecl to the ground. 
Measure to scale the lenjrths of all "tangents" (the straitrlit lines 
joining the curves), and the radii and lengths of all curves. 
Instead of scaling off the htujth of a curve, it may be more accu- 
rate to measure with a protractor, or with a scale of chonls, the 
angle between the tangents at each end of the curve, and from the 
angle and the radius compute the length. Usually the located 
line will lie fairly close to the preliminary line — close enough so 
that tie lines may readily be run between them. These should be 
scaled from the map. To prevent the accumulation of error due 
to inaccuracies, the length (or radii) of curves or the length of 
tangents should be altered if necessary so as to make tin* location 
check on the ground with the positions of the stakes of the pre- 
liminary survey. The method of making such modifications will 
be taken up later. 

16. Surveying Methods. Only the most ])recise work with 
a transit can be tolerated. The compass needle is only to be used 
as a check, but its use for this pur{)ose should be insisted on, as 
it fre<juently detects a gross error. Transit stations should be 
marked by "hubs" and "witness stakes" (Section 10). Reference 
stakes should also l)e set at places as near as ])ossible to the ])rinci- 
jwl stations and yet outside of the line of all earthwork o|)erations, 
so that at any stage of the construction the i)()sitionsof the oricrinal 
stakes may be easily recovered. The link chain as a measurer has 
now l>een practicidly discarded for the steel tajje. Fractions of a 
foot are measured in tenths and hundredths rather than in inches. 
Tlie pevHonnel of the party will be almost identical with that of 
the preliminary survey party except that the cross section ])arty 
will \yd replaced by the sloj>e-stake party, whose duties are similar, 
but who generally use a level on a tripod rather than a hand level. 
Tlie description of the duties of the 8loj)e-stake party will be de- 
ferred to a later chapter. The leveling ])arty should establish 
"K*nch-marks" at frequent intervals along the line. A spike 
driven in the roots of a large tree is one of the best and easiest es- 
tablished of marks in rural districts. A mark on any larcre 
masonry structure, such as a bridge abutment or a building, should 
l>e obtained when possible. levels shouUl be taken to hundredths 
of a foot on turning points and bench marks. Some engineers 
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read to thousandths of a f(M)t, hut when it is considered that one 
division of a level hubhle usually corresjyonds to 30" of arc, and that 
at a distance of 150 feet a movement of 30" of arc will correspond 
to .0218 foot on the rod, an error of level amounting to a very small 
fraction of a division will make an error of several thousandths or 
even a hundredth. Therefore unless unusual care is taken in 
handling the level, it is a useless refinement to read the rod to 
thousandths. In reading elevations of the surface of the ground, 
the nearest tenth of a foot is sufficiently accurate. The complete 
details of location surveys can only be appreciated after the subject 
of railroad curves has been studied, and they will not therefore be 
further elaborated here. 

SIMPLE CURVES, 

17. Method of Measurement. The alignment of a track is 
the geometrical form of the line, midway between the two rails. 
Such a center line may be a straight line, a simple curve or a curve 
of double curvature, but it simplifies matters to consider always 

the horizontal j>ro}ection of such lines. 
\ Their vertical projections are considered 

^/|\ sejmrately when it is necessary. Curves are 
\ sometimes designated by their radius or by 
[\ the degrees and uiinutes subtended by a unit 
^"^v. ;0 L chord. Nearly all railroad curves have such 

^^^v. /. l^"g ^**^1'' ^'^^t it is impracticable to use the* 

^^^•^V center. Therefore all work is done at the 
pj^ 5 circumference in aca)rdance with geomet- 

rical ])rinciples which will now be descwbed. 
If AR, Fig. 5, is a chord of unit length, then P is called ihe d ctj ree 
of cui've for the radius K. 

AOsin ,,- 1) ^.'- l- X\{^ } {\ 

'«' /w At 

Ac 
.-.11= A^ .... (I) 

sin ^y D 



96 



RAILROAD ENGINEERING 



17 



wbieli l)ec'oiiie8 by inversion 



.1,. c 
sin -^D = :,,, 



(2) 



The lencjth of the unit sub-cliord varies soniewbat witb ens- 
toni. Theabnost invariable practice in tbe United States is to use 
a unit cbord length of 100 feet. Substituting C = 100 in ecjua- 
tion 1, and successively assuming values from 0^ 01' up to 12^ 0' 
varying by single minutes, and with larger intervals for higher 
degrees which are very seldom used, the radius of almost any curve 
may l>e tabulated for ready and convenient use. jSuch a table is 
found in Table I, which also gives the logarithm of each radius. 
A very common rule, which is approximate but accurate enoucrh 
for many uses, is as follows, using the same notation as before: 



11 = - 



5T30 



]) 



(3) 



i8. Sub-Chords. It often lu'comes lu'cessarv to lav off a 
chord lengrth which is less than 100 fret and to know ihr ainHt' 
subtended at the center. Since a chord 
is shorter than its arc, it also follows 
that the sum of the four ecjual chords in 
Fig. C is also shorter than the total arc 
although they are evidently longer than 
the 100' chord. But it is found more 
convenient to say that the chord has a 
voiiiuial length (in this case) of 25 feet. 
As in equation (2) we may derive 




. 1 , <■ 



C4) 



I'i^r. n. 



In which tf is the aniile subtendiiiLT tlir sub. chord whose //•//<• 



length is c. J>y inversion we have 



I 



r - : 2 U sin , tl 



(5) 



Calling the nmnhml length <•', we liavt* the jn'ojMUtion 



r : 100 :: // : I) 
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EXAMPLES FOR PRACTICE. 

1. What is the true leimtli of a chord of a 3^ 30' curve 
whose iioininal length is 40 feet? From the above proportion, 



f/ = 



40 



D 



0.40 X 15. -J =- 1.4' ^-= 1 24'. Substitutintr in eqiia 



100 
tion 5. we have 

,. == 2 X 1<'.87.:} X sin J- (P 24'; =-- 40.00-5. 

Note that tlie crrrss over 40 feet is very small — about one- 
sixteenth of an inch. It is always small for low degrees of curva- 
ture. In the following example it is far greater. 

2. What is the true len^rth of a chord of a 12^ curve whose 
nominal length is 00 feet? Attft. 60.070. In this case it would 
be a gross error to neglect to allow for this difference. 

i9. Lens^th of a Curve. The length of a curve is always 
considered to be the quotient of lOOA -^ D, in which A is the 
total central angle of the curve or the angle between the terminal 
tangents. The mean length of the two rails of a curve is always 
a little in excess of this, but the excess is always so small that it 
has no practical im|K)rtance. It merely adds an insignificant 
amount to the length of rail required. Exainjtlf. A 4° curve 
begins at Sta. 10 + SO and runs to Sta. 21 + 35. The nomhkol 
length of the curve is 4-')5 feet. The actual arc (which is the 
mean of the two rail lenifths) is 




4.55 X 4^ X K X 



IT 



INU 



= 455.00 



which shows that the excess in this case =^ 
.00 foot, a little over an inch. 

20. Elements of a Curve. The follow- 
ing fundamental relations apply to all curven. 
See Fig. 7. The beginning of the curve. A, 
is called the jxniit of cura,, P(\ The other 
end o( the curve at B is called the point of 
tftnfjf'Uf'tj^ PT. The intersection of the two 
tangents is called the vrrfr,v (V). The rintml nmjle^ A, is the 
allele at Y between the tangents, and it is e(jual to the angle at 
iie center, O, between the radii drawn to the PC and PT. The 
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RAILROAD ENGINEERING 19 



two equal tancrents AV and BV are called f^imjint fliMft/nrrs^ T. 
The chord AB is called the hnttj vhonl^ LC. The distance JIG 
from the middle of the long chord to the middle of tlie arc is 
calltKl the middle ordinate, M. The distance GV from the middle 
of the arc to the vertex is called the txtrriutl <1lHfanr,'^ K. From 
tricronoinetrv the following commonly used relations an' easily 
derived. 

T -- U tan,, A (6) 

LC = :illsi.i .,A (7) 

M^UvimsJa (8) 

E :— it exsec .) A (9) 

{\nft\ Tlie Vt rsrf/ sitn'^ ahhreviated to /v /.v, jiikI tlu^ i,rft r- 
7wl secant y abbreviated to exser^ are tricronomctrical functions 
which are not commonly used except in railroad work, and soniti 
works on trigonometry omit their discussion. An insju'ction of 
the figure readily shows that vers n . - \ cos <^ and that cxsec 
a = sec (f - \,) 

From trigononu^try W(» may derive the general equation that 

tan tt -:- exsec /^ --- cot ,,</. Therefore, by dividing (Mjuation (> by 
equation \) an<l transposing \\v ol)tain 

T: : Keot \ A (10) 

21. Elements of a 1' Curve. The various elements of a curve 
are exactly proportional to the radius and nearly proportional to 
the degree of curve. Therefore if the tangents, external distances 
an<l long chords are computiHl from e(|uations (>, 7 and l> for var- 
ious values of A from 1 to Ul , varying by 10', then an approxi- 
mate value for anv derrree of vwyw and value of A may be found 
by taking out its value for a 1 curve (by interjiolation if neci'ssary) 
and then dividin<r that value by the ih'crnM^ of curve. For low 
deirreesof curvature the inaccuracy of this method is usually small 
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enough to be neglected. Even for sharper curvature the values 
obtained are accurate enough for approximate work. For abso- 
lutely accurate values equations 6 to 9 should be used, but the 
tabular values, found in table II, may always be «sed as a check. 

22. Numerical Examples. 1. What is the tangent distance 
of a 3 10' curve whose central an<xl« is 10^ 2()'? 

Snlntifni. loijf U = 8.257oT 

1 

., A =^ 8 l;J', log tan = '.». 151 ►.■)(', 

fW ■ 

Tancrent := iiMM log 2(>1.30 = 2.417U 

Approximate solution. Interpolating in table 11 l)etvveen the 
values for A = 1<)^ 20' and 10^ 80' we have the value 827.30 as 
the tangent distance for a 1' curve when the central angle is \i'P 
20'. Dividing S27.30 by 3.1000 (3" 10') we have 201.27 as the 
approximate value. The inaccuracy is about one-hundredth of one 
])er cent or in absolute value about three-eighths of an inch. 

2. Compute the external distance and the long chord for the 
above curve, both accurately and approximately. 

3. Two tancrents make an angle of 18^ 24'. It is desired to 
run a line which shall pass 21.2 feet from the vertex of the curve. 
What is the required radius and the resulting tangent distanced 
/ mlicftfrd solnt'nm. The known quantities are E and A; from 
('(juation 10 we may derive T; then with T known and A a given 
quantity, we may compute M by an inversion of equation 0. 

METHODS OF FIELD WORK. 

23. Location of Points by Deflections. The angle between 
a tangent to a curve at any point and a secant from that point to 
any other point of the curve, is measured by one-half of the arc 
between those |K)ints. It is also equal to one-half of the angle 
l)etween the radii to those points. On this fundamental geomet- 
rical proposition depends the whole science of circular-curve loca- 
tion. As a corollary, the angle between two secants intersecting 
on a point of the curve is measured by one-half of the intercepted 
arc or by one-lialf of the an^le between the radii drawn to the 
ends of the intercepted arc. ^M^P'X'^n ^^^^'^^^ statements to Fig. 8 
we have 
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If ()<A = 100 feet, then by detinition, the angle ()(y'< = 1), and 

1 
the angle TO<* = ^ D. Likewise if the chord (fh =^ 100 feet, 

then the angle a(^h = D and the angle ^^C)/y =^1). />// is a 

subchord subtendincj the antrle (L and the antrle MJ - ■ - //. 

Therefore if a transit is set up at the |>oint (), any point of the 
curve may l>e determined by nieasurincr the 
proper chord length from O in a direction ^^^o' 

determined by swinging an angle from tlie / V\^ 

tangent OT equal to ime-half of the angle / / \\ 

measured at C between O and the desire<l / / \V 

point. But the measurement need not be // ^^-'^ \ 

made directly from O if other points have o^-- ^o 

already been determined; h may Ix? deter- 
mined from a and d from J. Since it is ,,. 
generally impracticable to locate more than 

500 feet of curve from any one point, on aeeount of natural 
obstructions (and sometimes the distance is very short), the transit 
must be moved up to a new station already established on the 
curve.- But the same principles will apply and may be rej)eated 
indefinitely. 

24. Computing: the Deflections. If the point of curve is 
less than 100 feet from the last retrular station, the remainder of 
the 100 feet must be laid off as a subchord. One-hundred-foot 
chords are set off until a station is reached which is within 100 
feet of the end of the curve or (numerically) until the degrees of 
central antrle remain iuir is less than D. That remainder is the 
angle for the final sulK-hord. Tlu» foregoing may be illustrated by 
a numerical case: A 4 curve is to l)egin at Sta. :i4 • 40. The 
central ancde is IS 40'. ('omi)ute the defieetions. The first sta- 



22 RAILROAD ENGINEERING 



tioii point is 00 feet beyond the point of curve. The Bubfhord 
angle is tlierefore ^rvr^ X 4"" = 2A^ = 2^ 24'. The deflection from 

the tanjrent is one-half of this or I'' 12'. The deflection for the 
P.T. is one-half of the total central angle or ^^ 20'. Subtracting 
1"^ 12' we have left 8^ 08', which will allow for four deflections of 

2^ each and 0° 08' over, which will require a chord = ^^ X 100 

= 6.67 feet. The curve will therefore end at Sta. 29 + f).07. 

18^ 40' 
This may be verified or otherwise computed as follows: — ^5 — 

= 4.66007, the total nominal length of the curve in station lengths 
of 100 feet. Tliat is, the length will be 466.67. The first sub- 
chord is 60 feet; then four chords of 100 feet; then a final subchord 
of 0.67 feet. The deflections may be tabulated as follows: 

P.C. Sta. 24 + 40 0^ 

25 <r + 1" 12' =z 1 ' 12' 

26 r 12' + 2' r= -r 12' 

27 3" 12' + 2^ = 5" 12' 

28 5M2' + 2^ =7^2' 

29 7" 12' + 2^ = iv 12' 

29 + 6.67, U 12' + 0' OS' ^ [)' 20', which is one- 
half of IH' 40' as it should be. 

25. Instrumental Work. The above numerical case is com- 
paratively simple. When the degree of curve is an odd quantity 
and when difficulties of location require that the transit be s(^t Uj) 
at substations on the curve, then the numerical work, although 
worked out on precisely the same principle, is much greater and 
chances for numerical error are greater. The following rule for 
instrumental work is as simple as any for the simple cases and is 
far better for the more complicated cases. Compute the defli?c- 
tions for all stations and substations as illustrated above. Set up 
the transit at the P.C, and locate from it all stations that may be 
conveniently reached. Then move up the transit to a forward 
station and use the following rule: 

]]/fra the transit /.v set at am/ funnn'tl station^ hackslfjht to 
ANY prrounia istaAlott a^'ith the plates set at the ilvjleetiitn. aufjlc 
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f<n* the sPitioih sighted at, Plum/e tJn' h'h-Hrope ffiul sujht nt 
auy fonoard utatwn with the deflection angle eomjyuted for that 
ktation . 

The student should verify for himself the truth of this rule 
l>y drawing out a simple case and notin^r the angles both for fore- 
sight and backsight for any station, when the transit is located at 
any station. 

Curve location requires extreme care on the part of field men, 
for a very slight inaccuracy is apt to be multi|)lied until the error 
is intolerable. The transit should be very carefully centered ovtM- 
hubs, which should be refern»d to points which will not l)e dis- 
turl)ed durinor construction. 

26. Special Methods of Location. The above method, using 
a transit and ta|)e, is the onlinary and preferable method, but it is 




sometimes necessary to lay out a curve when a transit is not at 
hand and there are sometimes spt»cial conditions when a modifica- 
tion of the above method will be more accurate. The enirinecr 
must have learned the fundamental principles of curve location so 
thoroughly that he may decide on the best method to use and evtMi 
to invent some modification which may best suit the sj)ecial case 
in hand. A few of these special cases will be described. 

(//) Unljig two tratiMttM, The location may run over 8wam])y 
ground where accurate chaining is impracti edible. Some point of 
the curve beyond the swamp may be located, ])erhaps by triangu- 
lation, by computing its angle of deflection and the length of the 
long chord (equation 7). The point beyond the swamp may or may 
not l)e the P. T. Then set up two transits simultaneously at the 
stations located on firm ground -The deflection of each chord from 
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the tant^ent to the curve at the instrument point, or from the long 
chord, is a simple iriatter of geometry (see § 23). A roclman can 
locate each j)oint by placing himself at points where he is simul- 
taneously in line for both transits. 

(/>) lit/ t(rNffr)ftial oj/^nrfa. The solution of this as well as 
the following methods will be indicated by the lines in the figures. 

In each case the solution is an appli- 
cation of simple geometrical and trigo- 
nometrical principles. The solutions 
are somewhat lenjrthened, although not 
essentially modified, when the curve 
begins or ends with a 8ul)chord. In 
Fig. 10, for example 

O?/ = (>/' + a'h' = 40 cos 0^ 30' 
+ 100 cos (1^ 12' + V 30') 
i// u= // //' -j- //7. -^ 40 sin (f 30' + 100 sin {V 12' + 1' 30') 

and similarly for other points. 

(f) Jijf mlihJIe onlhytfes. Compute first the length of a 
long chord for tiro stations and the middle ordinate of such a chord. 
For subchords, compute the long chord and middle ordinates for 
an angle fwlrc tliat subtended l)y tlie subchord. These distanced 
should l)e laid off on the ground as indicated in the illustration. 
In Fig. 11, O^^" is hitlf tlie lonjj cliord for two stations and o"a 
eijuals the middle ordi- 
nate for such a loner 
chord. Lav off ()<^ on 
the taufjent and measure 
out the olTset^/V^ Meas- 
ure out (ff(' {= (f"(f) so 
that (f(/' is perpendicular 

to ()ff\ and produce Off' to //. ()'/" = Off' -- <t'h. Thus is h located, 
and r, ^/, etc., will be located similarly. In Fi(r. I'J, dn is lialf the 
lonir chord for twice the arc 0^ and O// is its middle ordinate. 
Compute similarly zij and .r".r, and lay off on the ground a and z. 
Compute, as in the regular case, an* and zn* ( = *ih)\ h is then laid 
off as before. 




Fi^r. 11 



\t\A. 



EATLROAD ENGINEEHING 



2n 




/7^ j> 



Fi^. lli. 



(//) By offsets fro nh the lomj chonl. The geometry involved 
is apparent from an inspection of Fig. 18, in wliicb is shown the 
general case of a curve beginning and ending with a siibehord. 
All of the above methods are mathematically ]>t»rfect in theory, 
but when curves are thus laid out without the aid of a transit the 
work is apt to be inaccurate unless unusual care is taken. 

27. Obstacles to Location . 

As in the previous section, the 
problems are usually simple ex- 
amples in geometry and trigo- 
nometry, and the engineer must 
select the solution which will 
give the Ix^st result. 

{(i) Vertex inaccessihle. ^^^[Jlly 
The tangents are frequently z" O 

fixed by certain conditions, and 
yet the intersection of the tan- 
gents is within a building or in some ]>lace where it is impossible 
to set up a transit. In the wise shown in Fig. 14, the tangents 
are given by the points a^ />, // and m. I>y measuring the angles 
IhiY and ^^iVand the distance ah, the triangle nh\ may be solved, 
and the distances <^V and h\ computed. The external angle at V is 
the sum of the antdes at tf an<l //, and equals the total central angle 

A. llavintf decided on the 
radius, the tanmMit distances 
are comj)uted by e(juation (I, 
and then the diiferences !>/» 
and A^^ can be measureil off 
and the P.O. and the P.T. are 
thus obtained. As a check 
on the whole work, the curve, run in by the usual methods, should 
end exactly at J^, with the forward tangent coinciding in direc- 
tion with B//. 

(//) Pol}it of eni've^ or 2>^^'^ft iff tamjehf^ tnaerefiftihle. By 
making a diagram of the desired line with its obstructions, as in 
Fig. 15, the known and unknown quantities are readily determined, 
also their geometrical relations. For example, in the illustration 
the ])osition of V (on the ground) is known, as is also the distance 
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A V. Then the ('(tmpated position of A is known. Assnme some 
angle a such that 

\i vers a -~ As -- iro = pij 

where a is in an accessible position. 
Tlien 



C 




m 



Tlie ancrU^ between 



//.v = Hp = li sin a 

and ft and j? can be located on the 
ground. Tlien, setting up a transit at 
//, and turning froui the line up an 
angle -of a, the tangent is determined 
and the remainder of the curve can l>e 
run in as usual. If the P.T. is inac- 
cessible, the curve may be run in to 
some point w, from which, by similar 

wilculations and field work, the point it: is obtained, from which 

the tangent can be continued. 

(e) Mifhlle inirt ttf curoe ohstrurfid. The curve luay be 
run as usual to some point n (Fig. 10) which should preferal)ly, 
although not necessarily, be an even station. At n a chord tun 
may be run which will clear the obstruction. 
)nii and the tangent is one-half 
the angle uieasured by the arc 
inn. From equation 7, the 
length of vm may be computed 
Jind then measured off, thus es- 
tablishing the point vi^ from 
which the remainder of the 
curve is easily run in. As an 
illustration of the elasticity of 
this general method, it might 
under some conditions be easier 
to run the dotted curve having 
the same radius as the required 
v!urve could then be found by using the same geometrical principles 

used in §26 <l, 

28. Numerical Examples. All problems have hitherto bi*en 
80 very simple that nothing has been said about the details of solv- 
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iiig numerical problems. But as prol)lems l)tH*oine more (compli- 
cated, the greater l>eoome8 the value of a systematic metli(xl of solu- 
tion, which may l)e readily reviewtnl, chccke<l an<l studied for tlie 
discovery of a possible error. Lotrarithms sliouid almost invariably 
l>e used for multiplication and division, for they are ^reat time- 
savers. Even if the student is unaccustomed to them, it pays to 
bt*come familiar with them. Such metlKnls will be used in the 
followinij solutions and the student is urc/ed to solve all such 
problems similarly. 

1. In a case similar to that skt^tche<l in Vifr, 14, '^/> was 
measured as 470.25; the ant^le V<//» was measun»<l as 24 Is', and 
the angle V/w 34 22'. The curve is to be a :i M>' curve. Its 
radius is therefore liV^l.H. A :- 24 IS' -f M 22'- r,s 40'. 
(\impute ff\ and //!>. 

K (8 :^0') 
1 



Equation ji. 



Lo^nriihTiis. 

:{.21412 



aV = Hh 



sin 34 22' 

sin oS ■ 40' 



AV = ith 



sin 24" IS' 
sin 5s 40' 



tan- . A - tan 20 20' 



T -= 020.04 

uh z- 47t>.2r) 

loir sin 34 22' 

'v>-loir sin r>S -10' 

./V r- 314.74 
Tan AV = 020.04 

//A r^ r,05.3O 

nh - 470.25 

liMf sin 24 Is* 

co-lotr sin 5S 40' 

h\ _- 220.45 
Tan BV = 020.04 



0.740f;o 
2.003SI 

2.077S3 
0.75105 

o.Of;s3r. 

2.40705 



2.077S3 
0.r,l l.js 
O.ooso; 

2.3r,oos 



rv^ 



U\\ - 000.50 

2. Example as in Fip. 15. I) 3 20'. A 23 10'. It 
is estimate<l that at /', isO ftn-t back from W the line //y; will prob- 
ably clear the obstruction at A; y^v is the <liirrrence lietwriMi IM) 
and the conipute<i tantreut tlistance AV; y/.v -: U - sin a. Thru 
f,i) = y/y = It vt*rs a. Locatt^ // by the olTset /'//, and niakt^ a 
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similar offset at //. If this line does not clear the ohstruction, 
another value of a (probably greater) should be assunieil and new 
values for Ao and vn eoni[)Uted. Conij)ute the numerical values 
as above. 

29. Modifications of Location. Only a few of the very 
many chantres which are at times required will here l)e given. 

They are all solvable by a few principles 
of geometry and trigonometry. The oc- 
casion for many such changes is the ad- 
justment of the inaccuracies of a '•j)ajH^r 
location."' 

( 7) To tnov*' ih 4'forira /v/ fa ft ///// tj^^fi'- 
a 11 el to itself a (11 stature ir^ the rail in i< 
Ti' nin'nrt inj uiwhtniijeih See Fig. 17. 
Kvery point of the curve is moved par- 
allel to the first tangent a distance "A A' = 
BB'=VV' = ()()'. 




V— 



KiJ,^ 1(J. 



AA' = 



B'// 



,r 



sin u\\\V sin A 



(ii) 



{2) To move, the fnrwfnul toinjent poriflltl to !t.s(lt\ the 
jtolut of ill evot lire mmtinnuj nuehoiHjetf, Since the central 
angle (A) is unchanged, the curve and all its parts are sim[)lv 
(Milarged or reduced according to some ratio, 
as is aj)parent from Fig. IS. The known 
quantities are the change in the tangent y 
(or .a"), the central angle A and the original 
radius li. 



W 



V7/ 
sin //\' \ ' 



sin A 



(12) 



Then tlio lunv taii<rent (lisianc-c A\''^= W 
^- VV. The triantrle !>///!>', lieinfj similar 
to the triano-lo AO' !>', is isosceles and Wm 
— 15'///. Then the new radius 




Ii' li 



/// 



H ^ U 



vera J{';//I> 



-11 1 



./' 



vers A 



(13) 
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The inodiHcations of this solution, wlien the tariffeiit i.- tuo.*-'! 
townnl the center, are very simple and are apfmn'iit from the fi^nin-. 

(.?) To chfifHjo the dir^'t'tloih of th»i fonnord t*/n*jttit ot tit*- 
Ito'nd of tauijein^y. The central anj^lo scale<l r)ff from the juiji#t 
location ;night have an error which 
would Ihj bi'st corrected by this means. 
Tliis solution is but one of a large class 
in which the central angle is modified. 
Tlie recjuired change (a) in the central 
angle is one of the given quantities. 
R, A, AV and BV are also known. 
In Fig. 10, A' = A - a; J3>( = It vers 
A; B* -^ K' vers A' 







vers (A a) 



(14) 



riir. \H, 



Also, since Ah = It sin A and A'm ]i' .-in A'. 'a»* luiv*- 

AA' = A'x Ax = U' sill A' Ft Mil A 



^•5; 



30. Examples. 1. (iivena4 20' curvM with a ''^'ntrnl an^H** 
of 18° 28'. It is required to move the forward innoi'ni |iar;ill«-l to 
itself 12 feet. How much is the change of the V.C ^tli<-, di>*tanr'e 
AA' in Fig. 17)? 

2. (fiviffi the Hariie curv«? hh af»ovi', it. 

is requin-il to move the inuoful immrd tli<< 
center 12 feet, l»nt without rh;iiij/if»i/ tin* 
VX\ What will lie the chaii^^eH in llii* 
tariirent distance arid the nidiiinif 

3. (fiveri the nairie cnrvi* an above, it 
is re(jnire<l to //////////V/ the cefitral arif.de 
by 'J2', but retainintr ijir i-atne V!\, 
What will Im* the new radinn and the change 
in the I'.C.^ 
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COMPOUND CUR VIES. 

31* Definition. (V)m|>onnd curves consiht of a HUcc^*HHion of 
two or more curves of ditTerent radii wliich have a common taii- 
gent where they meet. They runj lie laid out by the same method 
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as siiiipli^ curves, but tluMV are certain o;eoiiietrieal relations exist- 
incr between the parts of a eonipound curve which greatly facili- 
tate the computations, especially wlien any nioditications are 
required. In the following demonstrations K, and H., will always 
represent the smaller and larger radii respectively, no matter 
which, succeeds the other. A, and A. will always represent the 
corresponding central angles. Although R., is always larger than 
Up Aj may or may not be larger than A,. T^ is always adjacent to 
the larger radius R, and is always larger than T,. 

32* Mutual Relations of the Parts 
of a Compound Curve of Two Branches. 
The curve is illustrated in P'ig. 20, in 
which AC and CB are the two curves 
with radii of R, and R, resj)ectively. 
Therefore by the above definitions the 
other functions are as indicated in the 
figure. Produce the arc AC until the 
angle CO, x = A,. Then, by similar 
triangles, the chord C^ produced must 
intersect B. Also, if ,rt is drawn j>arallel 
to CO,,, it will equal }U and the angle 
Then draw Av and .rl' perpendicular to O^ ;/•. 




Fig. 20. 



.I'flj will e(]ual A,. 
Th(*n 



B/' = .rf vers n'fB — (K, - R,) vers A, 

./.v — AO, vers A(),.r = ]t, vers A 

A/// = AV sin A\'/// — T, sin A 

A//f = BX* -\~ ivs 

r, sin A := R, vers A + (R, - R, ) vers A. (l6) 



'^p 



By drawing a few additional lines in the figun*. it may similarly 
be j)r()ved that 

T. sin A -- \i, vers A - (R. - R,) vers A, (17) 

I>y algebraic transformation we may derive from equations 10 and 
17 the followintr useful relations. The details of the derivation of 
these e(]nations is suggeste<l as a j)rofitable exercise for the student. 



11, = u, + 



Tj sin A - R, vers A 
vers I A - A,) 



(18) 
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,, T, sin A vera A, - T, sin A ('vers A - vers A,) 

K = ^ • (IQ) 

Vi*rs Aj vers A^ - (vers A - vers A, ) (vers A - vers A . > ^^ 

33. Modifications of Location. As in § 2H, only a few of 
the most coniiuon modifications will Ik3 here illnstrated. 

1. To mtfve the f(trica rd taiujoif 
jHtraUel to ifife(t\ f^'ft "irtflmut chiihfjhnj 
fitt radu. From Fi<j. 21 we derive 

./. == 0.^ - 0,V .= (R. - R,) cos A, - (U, 
- R ) eos A/, from which 



eos A / - eos A . - , >— -^r 



(20) 




V\\f,. 21. 



Fi<^. 21 shows the tangent as having l)een 
moveil outtrard\ in snch a case the P.(\(\ 
(which means the "point of compound 
curvature") is moved harhmard along the shar|)er curve. IF it is 
tlesired to move the tangent toward the center, the recpiired efjuaticni 
may l)e found by trans|K)8ing A., and A/ in expiation 20. I^iit in 
this case the sharj)er curve must be extended and the I\(\('. must 
l)e moved formard. 

In case the larger radius comes first, the figure is apparently 
(piite different, although a little study will show that the snine 
principles aj)ply. From Fig. 22 we derive 

.,' = (),V-(V = (R._ R,UosA;-(U, K.) 
cos A, from which we hav(» 




cos A/ -cos A, + ,.--,,- 



(21) 



Fig. 22 shows the tangent as having been 
moved ontinird\ in such a case the ]*.('.(-. 
is moved forma rd along the easier curve 
which is extended. As before, if the tan- 
gent is moved iumtrd^ transfK)se A, and 
A,' in e(puition. The l^(^(^ will then Imi 
moved htivku^urd alon<£ the first curve. 

(V) To oliiiutje the nidiHH of one of the curors mitlnmt 
rhinHjuKj cither t<m(fenf. The recpiirements will bti ajiparent 
from a *'[>ii|)er" solution. In Fig. 2iJ assume that the longer 
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radius, which eoiues first, is to be shorteued by an anion nt e<jual 
to *()^ Tlie new center O' must lie somewhere on the arc whose 
center is (), and whose radius is O,^. It also must lie on a line 
which is parallel to AV and distant from it by R/ which is e<jual 
to j« -«- P.(\C. With O/ as center, draw an arc from O, to m'. 
With O. as center, draw an arc from O, to m. It may be proved 
that vun' is ])arallel to AV. Draw the line 0,/i perpendicular 
to AG,. 

mn = ( R. - R, i vers A,; /////' = < R/ - Rj) vers A/; ntn =^ in'n\ 



( R, - R,^ 

vers A.' = ^-i — ^,» vers A. 



(22) 



A A' = ( ),// ( \„- ^k\\, U, » sin A, - ( R,' - ll.t sin A/ (33) 

34. Examples. 1. A o 30' nirve with a central angle «)f 
It! 22' has !i tanjrent distaniv of 180() feet from the I'.C. to the 

vertex. At the P.(\(\ the curve 
c()iii{)ounds into an easier curve. 
The total central anijle is 30^ 18'. 
What is the radius of the easier 
curve, and what is tangent dis- 
tance { 

Afts/rt r. The {^iveu (juaulitics 
are R, tlicv//^//// /'mdius. A,, A, and 
T, ; the re(juirtMl quantities are R. 
and T.. i>v substitutiuiT the known 
(juantities in e<juation 18 and then 
the conijmted valve of II, in equa- 
tion 17, the recjuirtnl quantities are 
Tlie student t^hould perform this numerical work. 
A 2 .*]()' curve 4o0 feet louix runs into a 5"" 30' curve 2t)() 
feel lonji- It is reciuired to move the forward tancjent /// O.-t feet, 
but without cliantrino; either radius. Required the change in the 
P. ('.('. Cnntnnnt. The solution evidently requires the indicated 
modification of ecjuation 21. It should l)e noted that a practical 
volution ahvavs reciniivs that the resultini£ value of the cosine shall 
be b'ss than unitv, which mc^ans that ./• can nrijrr be greater than 
[\\, - U,), and alrio means tliat \\\k^. puui of th^ cosines of the 
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found. 
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orignial angle and its modified angle shall l>e less than unity. The 
linear change in the P.C.C. may l>e found by the formula 

Linear change = (angular change in degrees) 
X (radius of curve) > ..^.^ 

;{. Assume the same curve as in exam})le 2, 1)ut that it is 
re<)uired to change the 2"* 30' curve to a 2 ' curve without cliaiiging 
the tangents. Comment, Fig. 23 may be made to Hj)|)Iy by 
tran8|)Osing the new and old larger radii, and their c()rresjK)n(ling 
central angles. Note that when such changes are made in equa- 
tion 22, the equation is unchanged. The effect on ecjuatioii 23 is 
merely to change the algel>raic sign, which means that the V.V,V. 
is movi»d htfcl'ward instead of forward. 

4. Draw a figure corresponding to Fig. 23 i)nt sliowing a 
change in the smaller radius K,. 

TRANSITION CURVES, 

35. Reasons for Use, When a train, or any other mass, is 
in motion it requi/es a definite force to make it move in a curved 
j>ath. If the rails at oj)[)osite |H)int8 of a railroa<l curve were at 
the same level, this centri{)etal force could only be furnishe<l by 
the pressure of the wheel flanges against the outer rail. To avoid 
such a dangerous pressure, which would make high speeil imprac- 
ticable, the outer rail is made higher than the other. Hut it is 
manifestly impracticable to suddenly raise the outer rail at the 
beginning of a curve and lower it as suddenly at the end of the 
curve. There must l>e a ''run-off" of considerable length. If 
this run-off were placed exclusively on the tangent, there would 
be an objectionable jar l)ecause the cars were tip|)ed on a straight 
track where there is no com[)ensating centrifugal force. If the 
run -off were entirely on the curve there would be a jar, U^eauKe 
the centri|)etal force would not become fully develojKHl at the l)e- 
ginning of the curve; and, therefore, a transition curve is used at 
the Ix^ginning and end of the curve. The transition curve is one 
whose rate of curvature gradually increases from nothing to the rale 
of the central part of tiie curve. If the super-elevation of the outer 
rail is begun at the beginning of the tmnsition curve and is grad- 
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ually increased as the enrvature iucreases so that the proper suj>er- 
elevation is attained at the end of the transition curve where the 
retrular curve commences, then the theoretical re<juireinents are 
sati^tieil. Uut there is another important reason for transition 
curves. On a curve tlie lK>gie trucks of a ear make an angle with 
the axis of the car. If there were an instantaneous chancre from 
a straight track to the full degree of curvature the change of posi- 
tion of the truck would need to be accomplished in the time 
re(juired to run the length of the wheel base of a truck. For a 
high-sj^eed traiii this would l>e only a fraction of a second. On a 
transition curve this change of ]K>sition is accomplished gradually 
and without jar. The amount of the required su|)er-elevation 
will Ix^ discussed in the followincr sections. 

36. Varieties of Transition Curves. A tlu*oretical transi- 
tion curve is very complicated and its matheniatical treatment 
difficult. In any case it is loc*ated by points and the rails are 
ktijfjpnsrJ to conform to the theoretical curve lietween those jK)ints. 
Wany railroads are using a system of multiform compound curves, 
l)eginning with an easy curve and at regular intervals compound- 
ing into a curve of sharj^er curvature, the increase in curvature 
being regular and uniform until the curvature of the regular curve 
is attained. Tliis curve is also ltK*ated by j)oints; the points coin- 
cide so iiearlv with tliose of the theoretical curve that it would 1)0 
ditlieult to detect tlie diiferenee. When the rails are l)ent to those 
points tliey will not abruptly change their curvature at those 
points, but will assume a curve which will coincide very closely 
with the theoretical curve. The result is therefore a curve which 
is mathematically simple and yet a close approximation to the 
tiieoretiwil curve. These transition curves are also called ''spirals.'' 

37. Characteristics of these Spirals. In Table IV are 
given the deflections and other functions for three sets of spirals. 
The second set, which will best fit the most ordinary cases, 
consists of spirals with a uniform chord length of 25 feet, the 
enrvature of the first chord being a 1 curve, of the second 
chord a 2 curve, etc. At the end of the fifth chord, which sub- 
tends a 5 curve, the spiral could be run on to a 0' curve, the uni- 
form increase in rate of curvature would be 1' per 25 feet and the 
spiial would be IvJo feet long, which would be a good length for a 



114 



RATLUOAD EXC5TNEERTXO 



;^^i 



rnii'OtT. For a liigh-speed road, the rate of cbanj^e should he less. 
For example, the first spiral changes HO' per 25-foot chord. 
Therefore, to nin on to a -i^ curve there should he seven chords, of 
which tlie hist sliouM he a 3 'HO' curve and the h^igth of tbesjiinil 
175 fcvt. When tlie curvature is very sharp, the first sj)iral and 
even the second would require too long a spiral. For example, it 
would recpiire a spiral 475 feet long (of the No. 1 tyj)e) to run on 
to a 10^ curve; a Xo. 2 spiral woukl he 225 feet long. ]>nt if the 
curvature increases 2' per 25 feet, then the 10^ curve could he 
reached with a sjjiral 100 feet long. IJoads with 10 Curves are 
presuniahly o[)erated at slow sjK»ed over 
such curves and then the shorter spirals 
will suffice. 

In Fig. 24, there is a very great dis- 
tortion of the figure in order tliat the fun- 
damental principles may he illustrattnl in a 
ficrure wliicli is small enough to ho placed 
on a page. The derivation of the deflec- 
tions and the values of the total central 
angle, ^, and of the ordi nates i/? and // to 
any j)oint will not he here given. Those 
interested may find it given in Wehh's 
Ilailroad Construction, ^^ 44 to 4^. The 
tahles show for any point the total central l''^'- -*• 

angle, ^, l)etween the original tangent and 

a tiingent to the curve at that point; they also give the ordinatt^ // 
from the point of tangency to the given jMjint, measured along the 
tangent; also the ordinate,/' from the tangentout to the given jioint. 
The tahles of deflections show successively for any point of the 
curve, the deflections from a bingent to the curve at that point to 
any other i)oint of the spiral. The method of use of these spirals 
will follow. 

38. Insertion of a Spiral between a Tangent and a Circular 
Curve, In Fig. 25 it has heen necessary to make the distance 

M*f, I , i/w. .. .. 1 .• 1 ...jiw* in order to make 

M ahout 100 times its real jiroportional \anu i" 

,, -n . .- 1- ,. . mi , \\\n U ji simple circular 

the illustration distinct. Ihe curve AMn is <* i 

curve joining the two tangents, such as would he used without 
spiralJ. If a siiitahle spiral is started at a suitahle point (^ and 
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run to some point Z, such that the total central angle of the spiral, 
<^, equals the angle ZO'N of the curve, and then the circular curve 
having a coninion tangent with the spiral at Z, is run to Z', from 

which a similar spiral is run to the 
tangent at Q', such a combination of 
curves will give the desired result. It 
is now necessary to compute the di- 
mensions required to accomplish this 
result. Tlie introduction of the spiral 
has the effect of throwing the curve 
away from the vertex by the amount 
^--^^ i^^^A^\^\ MM', which we will call 7// ; it also re- 
r-^^^N Vv duces the central angle of the circular 
.^ 73 -r_-j^, curve by 2(f>. ZK is the ^r ordinate 

of the chosen spiral and QK the t/ 
ordinate. 




Fig. 25. 



A'X — ,r Iv vers <f>. 
Therefore, 



y// 



= MM' :^ A A' :- niV ^ 



AX 



COS .V A 



./• - \l vers 4> .■ V 
cos A A ^^^^ 



y^i 



NA --- A A' sill ^j A — (./• - It vers </>) taii-;j-A 

— QK KX : XA + AV 

— 1/ - U sill <f> -\- (r - It vers ^j laii ., A | II tan ., A 

— // - U sin </) + ;/• taii-y^A -j- Jt cos </> tan-7j-A (25) 



As a nunuMic-al solution of any problem will usually involve the 
determiimtion of the value of A'N, e(juation 25 may l)e reduced 
from four terms to three as follows : Transform the equation above 
eijuation 25 to read 

: // -! U (tan ., A sin </>) -\ A'X taii-^A (26) 



VO 



\'M, \'ArAffM» T> 1. •'' I^ vers <f) . . 

2 cos A A cos A A ^ '^ 



1 



Al^> \<l \\ - // K sin (^ • (./•-- K vers </))tan . 

4t 



(28) 
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39. Example. It is required to join two taiifrents which 
make an anf^le of 28^ 16' by a O'' curve terminated by suitabk^ 
spirals. A l''-|)er-25-foot spiral with live chords will be suitable. 
Then, from Table IV, we find that 

4> = ;r 4r/, ,,' =. ±<Mi), y ,= 124.042 and }■ A^ 14 Os'. 
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40. Insertiofi of Spirals in Old Track. Ad en^ot;er fre- 
qiientlj had occasion to iDsert spirals id track which was not so 
laid ont. The simplest method from a mathematical standpoint 
is that ^ven in the two previous sections. But this would involve 
niovint/ the whole track for the entire lencrth of the curve, and 

also, since it is apparent from Fig. 25 that 
the new line Q21Z'Q' is shorter than the old 
line QAMBQ, the method will involve rail 
cutting and the boring of holes for track 
l>olts. The follow! ncr method makes a 
slight sharpening of curvature of the mid- 
K die circular section, which at the center is 
slightly (futside of the old track, and so 
crosses the old line that the lateral devi- 
at ion from the old line is always very 
small and the lenirth of the new track 
need not differ ap[)reciably from that of 
the old. The method of solution is indicated in Fiiz. 2^\, 




Kig. 'J). 



O'X ^ U' co8<^ : .r 
(rV ^ ON sec .^ A 



1 



1 



/// 



K' cort (f) sec -7^ A • ./• s<*c .J A 
MM' - MV - M'V 



1 



1 



1 



R exsee ., A - II' cos </> sec ,> A - ./• sec ., A r K (29) 



Ag -. QK KX 4 NV - VA 

— // - U' sin <\> + ( K' cos <^ + ./') tan ^ A - U tJin ^ A 

// - K' sin (^ j li' cos <f> tan ^ A - (R - ./) tan ^ A (30) 



The lentrtli of the old line from Q to Q' == 2 AQ + 100 

Tlie lencrtli of tlie new line from Q to Q' — 2L + 100 
in wliich L is the length of each spiral. 



A 

I)- 
A -2^ 

D' * 



(31) 
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41. Example. Assume that a track has \yven laid with a 
curve for 39^ 50': It is desired to insert suitable spirals without 
altering the length of the old track. Soltttiou. Unfortunately 
there is no method of solving this problem so as to obtain directly 
the revised value for the radius. The new radius will always be 
from 1 to 5 per cent shorter than the old. The larger the central 
angle, the less will be the difference. The only method is there- 
fore to assume a value for R', solve equation 30, and then com- 
pare the lengths of the new and old lines. If the difference is so 
small that it may be neglected, the problem is solved. If not, a 
slight modification of the new radius, such as experience in these 
computations will suggest, will usually give on a second trial a 
value which is sufficiently close. As a first trial for the above 
numerical case, we will assume a 6*^ 10' curve for the new curve, 
with five chords of a F- per- 25 -foot spiral at each end. 

Logarithms. 

(Eijuation 30) y = 124.042 ]{' (0^ 10') 2.00828 

sin <t> 8.Sl5r)0 
60.797 1.783N8 

K' 2J[H}828 
cos </) 0.99907 

tan-l-A 0.55909 
330.080 - 2^52045 

R --- 055.37 

./• = 3.00 

052.37 2.07880 



345.004 
401.022 405.801 
405.801 



tan --A 0.55000 

•) 

2.5371HJ 



AQ = 55.101 
The length of the old curve from (J to Q' is 



inn ^ ,,,,,30.83333 ^^^ _ 

100 - z=. 100 — =r 003.889 

2 AQ = 2 X 55.1(51 = 110.322 

774:211 
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The ItMijrth of lilt' iu*%v cMirvr from ii to 1^' is 

' 100 -^ , ~* . 100 :«'-^=^=^-;^-^° = 524.:«-t 
iv r,.ir,7 

•^L - ■ 2 y l-^o ^ 250.000 



774.824 774.824 



l)i if e relict' in leiicftli —- 0.118 



ri 



Wlien it is considered tliat in that length of 774 feet there 
will he al)OUt 20 rail joints and that a stretchincr at each joint of 
about .004 foot will make up for this difference of length, it would 
\ie unnecessary to cut the rails. 

To illustrate the method of adjustment if a more accurate 
value for W were recjuired; note that in the ahove case the new 
curve is too long. If II' is increased (say from I)' = 0' 10' to- 1) 
=^ 0'), one term of e(j nation 80 will l>e increased and one of 
them diminished, but the net change in the value of AQ is 0.74Si, 
which will increase tlie length of the old curve by 1.4iH). But 
such a change in D' will increase the length of the new line 
by lAV.l 

The revised length of the old line is. therefore, 775.707 and 
the revised ItMigth of the new line is, 775.748 

The revised <liiference is 0.08() 

The new line is still loimer than the old, but the difference is in- 
significant (less than a fiftieth of an inch ])er joint). Of course 
D' iirr T) \y is the better value to use. 

There is another method of introducing a spiral into old 
track without even chantrinji: the central part of the curve. The 
s|)iral runs into a curve which is sharper than the original curve 
which then c()in|)ounds into the old curvt*. The solution of this 
method consists in so choosing and locating the spiral and the 
sharper curve that it will compound into the original curve. . The 
details of this method will not ])e herecriven because, althouofh it 
involves less track work at the start, it is a more complicattnl 
alignment to maintain and the metluxl is inferior to the one pre- 
viously given. 
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(Equation 21) ) 



K' -- 920.57 
lMK).;{4t; 



Lo^^arithins. 

]l(t)) 2.St8017 

l.TS;}7;^ 

it' 2.mH2H 
coK (f> <i.<.HtlK»7 



i^fc. . A ().()2<)7« 



ws^j.niM) 



,/• - i()t£ 



2.0U413 



H.V.H) 
OSO.TSO l»Sl).7S0 

7y^ =3 ( ).,-)«)<> 



src-^A 0.02078 

(>.5():J7(> 



Note that the inaxiiniini hit(*ral chaixn* in tlie tnick is less than 
seven inches. 

On many railroads where there has ])een no jiretense to nsincr 
flpirals the track foremen have pro(huHHl nearly the sanie result in 
a ronph uncertain way hy throwin^^ in tlie curve somewhat near 
the point of curve. Tliis necessarily sharpens the curve further 
on, and thus sul)8tantiallv the same result is obtained as is 
<lescril)ed above but witlunit any calculations or any theoretical 
accuracy. It is only by such means that a tolerable ridintr track 
can Iw produced when transition curves an* not used. 

42. Use of Transition Curves with Compound Curves. It 
is shown in the last few sections that the lateral deviation involvt*d 
by the use of spirals is very small. Si net* C()mj)ound curves are 
usually employed oidy when the location is ditlicult, it is best to 
make the calculations as if no s|)irals were to be used, exct»pt that 
approximate allowances may be made for such lateral chantres as 
will l)e re(piire<l. Then the chanties can be computed as follows. 
Theoretically there should be a transition curve betwtHMi the two 
branches of a comj)ound curve, but when a train is already on a 
curve and the wheels are i)ressin(£ a(£ainst the outer rail, it will 
cause but little jar to merely increase the curvature. The intro- 
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(liK'tioii of such .s|)irals will not be luTe jriven. Tmnsition curves 
need not l)e used in runnintr on to curves which are easier than 
:5 and even 4 . Therefore if one branch of a compound curve is 
of ensv curvature, as is frerjuently the case, it will not 1h3 neces- 
sary to use a spiral at tliat end of 
llie curve. Tlierefore two cases 
will l>e developed — using spirals at 
one end only, and at both ends. 

(//) A^piral at one end onlij, 
Th(» nietluKl of §3S may l)e adopted 

by substitutinp A, for -^ A in e<}na- 




\ \ \ \ ' 









■« 



lions 2i to 28. This would move 
the r.(:.C\ fmm M to M'. But 
since the two curves imiHt be made 
to coincide, the sharper curve will 
be ]noved parallel to the tangent 
P>V a distance of M'M, while tlie 
unchani»;ed circular curve will be moved parallel to the tangent 
AV a distance ]\n[^. Callintr ]V[M' ^^- ///,, we have 



Fit?. 27 



.- \~ 



m;m, 



r- .M M 



MM. -- 



ni 



^sin 1\1,' M ^[, 
• sin"MV"M,M 

cos A. 



' sin A 



=^ in 



sin (1M)'_ A,) 



cos A., 



sin A 'sin A 



(32) 



It siiould be noted tliat the new P. ('. is at A' and that A A' = 
MM\ while the P.T. is clianire*! from 1> to Q,', which equals IJQ, - 
(iQ'. PQ, is found from eijuation 2s and Q,Q, =: M/M^ is 
found from etpiation ;5*2. 

(/y) Spu'iil 111 hitlli <'////.v. A|)plyin<^ the methcKl of ^3S to 
t»ach l)ranch of the curve in turn 1)V successively substitutiuiT A. 

and A, for ^^A, we will obtain values for m^ and ///_. which will in 

general differ considerably. Put as before we nuiy move each 
revised curve as shown in Fic];. 2S uiid as computtnl in equations 
'i^\ and H."). Callino; ^IM,' -. - i,,^ uiid JM^f./ --= m.,^ and noting 
that the ancrli» at M,' (see the dt4ail) \)i) - A,, the anule at M./ 
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= 90' - A.J and tlie angle at M3 = A, we liave the following: 
M/M, = Mj M./ — -^.- . - - =(/>/, - ///.) --r -r - (34) 



sin A 



sin A 



As in the previous case, the position of the new point of the spiral 
is found in each case from one of the above (juantities and the 
change computed from equation 2S. Note tliat in one case the 
point of spiral is moved 
nearer to, and in the other 
ease further away from, 
the vertex. 

43. Example. Given 
a 7" 20' curve for 29'^ 40' 
folio wikI by a 4° 10' curve 
for 25' 20'. Required to 
introduce suitable s])iralR. 
Use spirals varying 1'- 
per-25-feet, with six 
chords for the 7° 20' curve 
and three chords for tlu^ 
4 ' 10' curve. Using equa- 
tion 24 successively with 
tlie two sets of figures we 
obtain w, = 1.933 and 
//?, = 0.323. Tlien (///,- 
///,) = 1.010. Substitut- 
ing this value in equations )54 and 35 we obtain M, M^ — 1.77G 

and M/M^ = 1.70S. Using erjuation 2S, culling ., A ^ 25 20', 

we compute AQ. — 39.12s. Hut we must ^n/f/ to this an amount 
equal to M/M, = 1.708, which makes ACj,' = 40.s3r). Similarly, 

calling Q- A = 29-40' in equation 2S, we may compute I>Q, := 

79.282. l>ut from this must be xuhinninl M,'M, -- 1.77r), which 
makes BQ/ = 77.500. The actual latenil ehaiigr from thi» original 
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point M is equal to MM,' + M/M^ sin A, = 0.323 + 0.731 = 
1.054. The student should verify in detail all these calculations. 

44« Field Work. When spirals form part of the original 
location, it is a useless refinement to locate all the chord points 
l)efore earth work has been done. It is then sufficient to locate 
the lieginningand end of each spiral with perhaps one intermediate 
jX)int in case the spiral is very long. During the re-survey which 
immediately precedes track work, when the roadbed is graded and 
flat, the intermediate points are readily inserted. Referring to 
Fig. 25, the point Q would first be located at a distance VQ (see 
equation 25) from the point V. Assume, as in Fig.. 25, a simple 
curve, 6°, with A = 32'', and at each end a five-chord spiral with 
P-per-25-foot change of curvature. During the first location of 
the road it would be sufficient to locate the end of the spiral at 
point 5. From Table IV we find that the "deflection from the 
tangent at the point occupied when the instrument is at" Q and 
is "sighting at" 5 is V 22' 30". The ordinate y (QK in Fig. 35) 
is 124.042 and the distance out from the tangent KZ = a? = 2.999. 
The total central angle to this point (<^) = 3° 45'. The central 
angle left between Z and Z' ^ 32° - (2 X 3° 45') = 24^ 30'. Set 
up the instnunent at Z. The "deflection from the tangent at the 
j)oint occupied when tlie in^tninient is at" Z (which is here 5) 
and is "sighting at\' Q is 2' 22' 30". Setting off that deflection 
on tlie transit so that when the instrument is turned around to the 
tangent it shall read 0', the remaining central angle of 24"^ 30' can 
be laid off in the usual manner. Again setting up the instrument 
at Z' (which is point 5 of that spiral) the point Q' is located with 
the same deflection (2^ 22' 80") as the back sight from Z to Q. 
The distance from Z' to the tangent VQ' is likewise the same as 
ZK = 2.999. 

When the intermediate points are to be located, the transit is 
set up at Q and the points are located by chord lengths of 25 feet 
and with deflections to the various points as given in the column 
under Q. When the circular curve ZZ' has been located and the 
transit set up at Z' and oriented so that it will read 0"^ when sight- 
ing along the tangent to the curve at Z', then (using the deflections 
in the column under 5) the deilection to the point 4, 25 feet away, 
is 37' 30"; to the next point 3 it is 1^11' 15"; to the next point 
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2 it is r 40' 00"; to the next point 1 it is 2^ 03' 45"; to tlie point 
of tangency Q it is, as given before, 2"" 22' 30". Then the transit 
should be set up at Q' and back-sighted on Z' with a readino; of 
l"" 22' 30". If the vertex of the curve V had already bet'n pi-e- 
viously located and the field work is accurate, tlie ^iuhtino; on V 
should be 0°. Also the reading on any other point of the spiral 
should be as in the column of deflections under Q. 

It sometimes becomes necessary to set up the transit at some 
intermediate point of the spiral, as (in the above case) tlie point 
8. With the instrument set up at 3, use the deflections under the 
column 3 in the table, orienting the transit by a sighting at any 
known point with the transit set at the given deflection for that 
point. Then, when the telescope is turned to 0', the transit will 
be sighting along the tangent to the curve at the point 3 and the 
deflection to any other point, forward or l)ackwar(l, will be as 
given in that column. 

It may be noted that the deflections are given to single 
seconds of arc, which is of course very much closer than an ordi- 
nary transit can be used. But the location of spirals demands the 
closest work attainable with the ordinarv field transit: and even 
though the transit is only graduated to single minutes, a fraction 
of a minute can be estimated in st^tintr off a defieetion and there- 
fore the precise angles are given so that the closest attainal)U» value 
of the true angle may be set off. 

VERTICAL CURVES. 

45. Reasons for Use. Althoutrh the clianir^ of direction of 
motion due to a change of grade is never as great as that of an 
ordinary horizontal curve, yet it is as necessary in one case as in 
the other to join the two grade lines by a " vertical curve." As 
in the case of horizontal curves, there is nothing which absolutely 
determines the rate of curvature. When the grades intersect over 
a summit a comparatively short curve is permissible, but when 
[massing through a sag the upward bend of the track acts as ji 
literal obstruction and therefore a njuch loncrer curve is necessary. 
Some roads adopt some uniform distance, such as 200 feet each 
side of the vertex, as the leuixth of all such curves, ri'(i;arclless of 
the change in tlie rate of grade. A more logical method is to 
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make the length a function of the change of grade. A very com- 
mon rule is to make the length 100 feet for each tenth of one j)er 
cent of change of grade. For example, a one per cent grade 
descending into a hollow is followed by a 1.2 per cent grade climb- 
ing out of it; what should be the length of the vertical curve at 
the sag? The change of grade is the numerical sum of the grades 
or 2.2 per cent; therefore, by the above rule the length should l)e 
2,200 feet. Such a length is excessive, but such a change of grade 
is also somewhat unusual and hardly to be found where the speed 
was high. For lower speed such a long vertical curve is not 
essential. 

46. Qeometrical Form of the Curve. The method of lay- 
ing out such a curve is illustrated in Fig. 29, in which the grades 
are exaggerated enormously. The curve Ijegins and ends at equal 

distances on each side 

*»*^,^^_^_ ^ f- '-^^^^y^ of the vertex B, as at 

^ .'^p::^^^'^^ A and C. In the fig- 

_J^^^^^^^ ' ^.^-"""^^^ ^^^^ j^^^ ^ ^'^^ ^'5 ^^^" 

~~B • — • — — sect AC at ^, join IJ 

Fig. ii9. and e and bisect B<^ at 

//. It may be proved 
mathematically that a parabola may l)e j)a8sed through li and tan- 
gent to A Band !>(,■ at A and (\ and also that at <///?/ point, as at //, 
ihe distance to the tangent (.v//)is ])ro])ortional to the tufUitre of the 
distance from A. Ex])ressing this statement algebraically, we have 

But since, in any given case eh is a constant and (Ar)' is a con- 
stant, we may say for any one curve that the correction from the 
straight grade line to the curve equals a c<m,sta)it times the square 
of the distance from one end of the curve. 

47. Numerical Example. Assume that the intersection of 
the grades B comes at Sta. 15 + 40; that the grade AB is - 0.0 
j:)er cent and the grade of BC is + 0.8 per cent. Then if we 
adopt the rule of 100 feet for each tenth j)er cent of change, the 
curve must be 1,400 feet lontj, must becrin at Sta. 8 + 40 and 
extend to Sta. 22 + 40. Assume that the elevation of B is 
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152.50; then the elevation of A is 152.50 + (7 X 0.6) = 156.7. 
Similarly the elevation of C is computed as 158.1. Then the ele- 
vation of e is the mean of these two, or 157.4. B<? is therefore 
= 4.9 and eh = 2.45. Then eh -f- (A. )^ = 2.45 ^ 490000 = 
000005, the constant which is to be multiplied' by the square of 
the distance from A to obtain the correction from the straight 
grade up to the curve. The elevations of the several stations is 
most re^idily calculated in a tabular form such as is given below. 

A. Station 

8 + 40,elev. = 152.50 + (7 X 0.6) = 15t5.70 

9 = 15«).70 - (0.0 X 0.0) f .000005 X OO'' = 150.30 

10 = 156.70- (1.0 X 0.0) + .000005 X 160' = 155.87 

11 = 156.70 -(2.6 X 0.6) + .000005 X 2»)0' = 155,48 

12 = 156.70 - (3.6 X 0.6) + .000005 X 360' = 155.19 

13 = 156.70 -(4.6 X 0.6) + .000005 x +60' = 155.00 

14 = 156.70- (5.6 X 0.6) + .000005 X 560' = 154.91 

15 = 156.70 - (6.6 X 0.6) + .000005 X 660' = 154 92 

B. Station 

15 + 40, elev. = 152.50 + 2.45 = 154.95 

16 = 158.10 -(6.4 X 0.8) + .000005 X 640- = 155.03 

17 = 158.10- (5.4 X 0.8) + .000005 X 540' = 155.24 

18 = 158.10 - (4.4 X 0.8) + .000005 X 440' = 155.55 

19 = 158.10 - (3.4 X 0.8) + .000005 X 340' = 155.96 

20 = 158.10 - (2.4 X 0.8) + .000005 X 240' = 156 47 

21 = 158.10 - (1.4 X 0.8) + .000005 X 140' = 157.08 

22 = 158.10 - (0.4 X 0.8) + .000005 X 40^ = 157.89 

C. Station 

22+ 40,elev.= 152.50 + (7 X 0.8) = 15S.10 

In special cases it may be more convenient to note that at 
one-quarter of the distance from A to 15 the correction is \ of 
c7/, at one-half the distance it is ^ of cli and at three-fourths of 
the distance it is ^^ of eh, 

CONSTRUCTION— EARTHWORK. 

48. Slopes and Cross-sections. The construction of a road- 
bed of sufficient width which is level or nearly so, implies in oren- 
eral cuts and tills of various depths. An essential feature of the 
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work is that tlie slopes shall be such that the banks shall not give 
way and disintegrate, filling up the the cuts and narrowing the 
tops of the fills. The rate of slope is always indicated by a ratio 
of which the first number indicates the horizontal distance and the 

second the vertical. Frequently 
the second number is made uni- 
formly one and then the first may 
be a fraction or a com|X)und num. 
ber. The following slope ratios 
will be so indicated. The rate of 
slope is variable, depending on the 
kind of soil. When a rock cut is 
very hard and firm, a vertical slope 
may be used, although on account 
of seams in the rock which make 
slij)ping j)OSsil)le after the rock has begun to disintegrate, the rock 
is generally taken out until the slope will average more nearly one- 
fourth horizontal to one vertical. As the character of the material 
changes from rock to earth, the slope ratio for cut must be flattened 
until for good, firm, loamy soil a slope of 1:1 is pro)>er. When first 
excavated earth will stand at a much 8tee])er vslope than this, but the 




¥\\r. \\{). 




Fig. :n. 

iirst hard rainstorm will start the disiiitegratioii wliicli will proceed 
until the '3lo])e heconics about 1:1. And as it is generally cheaper 
to make the re(]nired excavation during the original construction, 
the proj)er slopes should be made then. Some kinds of earthy 
soil, such as quicksand, require even flatter 8l()[)es. Cases have 
l)een known where a cut has not ceased to slip until it had assumed 
a slope of about 4:1. The proper slope for a till composed of loose 
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rock, as it is blasted from an excavation, is about 1: 1, but when 

the side hill is so steep that the slope would be very long, a much 

steeper 8loj)e may be tolerated if some care ie taken to form the 

stones of the fill into a rough dry wall. A fill of earth usually 

requires a slope of 1.5 : 1. If the material of which the fill is 

made is exceptionally soft, 

such as would require a 

very flatslo{)e in cut, then 

a correspondingly flatter 

slope should be made with ''^iliiltlilU'itittfttr 

the fills, but in such a * y\g, :]± 

case it is quite possible 

that it would be preferable to *' waste" such treacherous soil and 

make the fill of more suitable soil, even if it had to be '* borrowed." 

llie following illustrations will show some typical cross-sections 

in various kinds of soil. 

49. Width of Roadbed. A mistaken effort at economy 
will oft^n be the excuse for cutting down the width of roadbed to 
such an amount that there is no room for adequate ditches in cuts, 
and the deterioration of the track due to lack of drainage is a very 
serious quantity. Even fills are sometimes made so narrow that 
the inevitable washing due to occasional heavy rains will endanger 
the stability of the track. A study of the standard roadbed cross- 
sections adopted by the 
principal railroads of the 
country shows that the 
average width for an 
earthwork cut for sintrle 

track is about 25 feet. 
Fig. 38. 

This includes about four 
or five feet on each side for a ditch. For double track this width 
is increased by about 13 fc^*t, the usual width between track centers 
for two tracks. The average width for the to]) of a single track 
fill is a little over 17 feet. Sixteen feet is about the minimum 
for good construction. 

50. Constructive Details— Ditches. A well-known railroad 
engineer used to say that ditches were more important than ballast. 
A lack of good ditching will ruin a roadbed in spite of the best 
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Imllast, while « (comparatively BTiiall expenditure in dilching will 
largely coinjMsnsate on a cheap road for the lack of good ballast. 
The bottom of the ditch should be from one to two feet below the 
bottom of the ties. The slope of the sides should not be steeper 
than 1:1 nnless in solid rock. Tlie bottom should be one to two 




Fig. ai. 



nlo the siib-Hoil, If the 
1 the surface and which 



feet wide. Sometimes they are tuade V-shaped, but that shape is 

hydraiilicallj bad and the bottom quickly fills up. S'lV-ffmtJu. 

The upper surface of the earthwork, commonly called sub-grade, 

is usually made a level plane, but it is preferable to make two 

sloping planes having ;i crowii at the center of about six inches. 

Ilolling the sub-gmile wiili a road roller before placing the ballast 

has been si)eeified by the N. Y. Central R.R. When this is done. 

the water that runs through the ballast will more rt-adily run off 

to the side ditches instead of soaking 

vegetable mould, which ia uaunlly fouiiil i 

is the Hrnt of the excavation 

for cuts. iM laid on one side 

insteiul of being placed at 

the bottom of ihc ueatvat till 

and is afterward sjirciid on 

the faces of the slopea of the 

cuts and Jills, a growth of 

vegetation will ipiickly start 

up which will sa'.'o the slojiea fniii 

will quickly repay the slight additional ex]K.'nse, Kveii an imme- 

diate sotiding of the Hl()|)es during construction, altlKMigh it will 

add considerably to the original cost, will usually save much more 
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than its cost by a reduction of maintenance charges during the 
first few years. 

EARTH WORK— SUR V EYS. 

51. . Nature of the Problem. The mass of earthwork which 
is removed has an exceedingly irregular form. The surveys have 
the double object of staking out the limits of the earth to be 
removed and placed elsewhere and also of computing the volume 
of that earthwork. Tlie computation of any volume means the 
computation of some geometrical form or combination of forms 
which are assumed to represent with sufficient accuracy the actual 
volume under consideration. If an approximate result is suffi- 
ciently close, some simple geometrical form, easily measured and 
easily computed, will be selected as representing the volume. But 
as greater accuracy is required, the more complicated must be the 
form. Some of the faces of the volume are sim])le and determin- 
ate. Sections are usually taken 100 feet apart and perhaps closer 
if the ground is very irregular. Such sections are plane surfaces. 
The side slopes are also plane surfaces. But the side representing 
the surface of the earth is actually rough and irregular; usually 
it is too irregular to be considered a plane even approximately. 
The upper line of each end section is considered as a broken line 
of one or more parts, and it is generally assumed that plane or 
warped surfaces connecting corresponding lines in the end sec- 
tions will lie sufficiently close to the actual surface so that the 
error involved will be within the desired limits. It may thus be 
seen that the accuracy of the computation depends not only on the 
accuracy of the mere numerical work but even more on the judg- 
ment used by the surveyor in so selecting the j)laces for the cross- 
sections and the points of any crojs-section that the geometrical 
form assumed to represent the volume shall agree with the actual 
volume of earth as closely as desired. The survey therefore con- 
sists first in determining at each section the points where the side 
slojHJS intersect the surface and then the elevation and distance 
from the center of points so chosen that straight lines joining 
these j)oints will lie very nearly in the surface of the ground. 

52. Position of Slope Stakes. The slope stakes are set 
where the side slopes intersect the surface. As seen by the fig- 
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ure, these intersections depend on the elevation of the roadbed, 
which in turn depends on the depth of cut or till. In Fig. 36 it 
may readily he seen that 



1 7 

•'V = ., ''' T •" ("' - !/r) 



(37) 




Fig. 30. 

in which >• is the slope ratio of the side slopes., horizontal to ver 

cal. Si'e §4S. 

Similarly it is seen in FiiX. '57 that 



•''1 



./', 



1 






(38) 




i' Ig. 



• > / . 



But ill eacli ot these e(piations. hoth ./- and // are unknown (juanti- 
ties, and it is inipracticahle to de|>end on a strictly mathematical 
solution. The simplest method is to find l)y trial the location of 
points which will satisfy the e(juations. An experienced man will 
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sometimes determine such a point in a single trial and generally 
the second trial will be sufficient. As a first approximation, we 

may note that a is at such a position that its ./• is (ti,' =z h -\- sd. 

The added distance out to in equals the added drop times s. As- 
sume that in Fig. 36, d = 7.7, J = 20 and 8 = 1.5 : 1. The dis- 
tance ac = 10 + (1.5 X 7.7) = 21.55. But experience will 
suggest that the required point in is nhont 8 feet lower down and 
therefore about (1.5 X 8) or 12 feet further out. As a first trial 
with the rod, the rod is placed at //, 34 feet out (21.55 + about 
12), where a rod reading of z (= lO.f)) is found. Subtracting 
X* (= 3.5; we have 7.1, the **y" of that point. Substituting this 
value of y in the first part of equation 37, we compute ;/'j to be 
32.2. This is the point n. in Fig. 30, at a distance x" (which its 
less than x) from the center. This shows that ev^en 32.2 is too 
far out. Another trial is made at 30.2 feet, where the rod reading 
is found to be 9.3, which means that the y is 9.3 - 3.5 = 5.8, 
which substituted in the equation gives x — 30.25. This checks so 
closely with 30.2, that it may be considered satisfactory. On 
rough ground it is an utterly useless refinement to attempt to do 
work closer than the nearest tenth of a foot, for the almost uik 
avoidable inaccuracies will often have a greater effect than a change 
of even a tenth in such work. The above explanation is given 
in detail so as to show the method. Some such method is neces- 
sary for the inexperienced man, but even a short experience will 
enable a man to estimate the correction to his first trial very 
quickly and surely so that the second trial will be satisfactory, and 
without a detailed solution as above of all the work. 

In Figs. 36 and 37, the ground has been shown as having a 
practically uniform slope. The determination of the sl()|)e stak 
is not affected essentially by the nature of the ground between th 
center and the slope stakes. In Fig. 42 is shown a more com])li- 
cated cross-section in which the elevation of each intermediate 
point above the roadbed and its distance from the center must be 
measured. These are determined by setting up the level so that 
it is higher than any point in the cross-section and noting its 
height above the stake at the center. This rod reading added to 
the given center cut d gives the height of the instrument above 
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the roadbed. This is called the H.I. Subtracting the rod read- 
ing for any point from the II. I. gives the height of that point 
al)ove the roadbed. In the case of a iill, which may be illustrated 
by turning Fig. 42 upside down, the level may be either above or 
Inflow the roadbed. This mollifies the above rule somewhat, but 
the same principle applies — determine the difference of elevation 
of each point of the surface of the ground and the roadbed. 

COMPUTING THE VOLUME. 

53. Common Methods. Sometimes an approximate com- 
putation of the volume of the earthwork is made from the work 
of the preliminary survey, so as to get an approximate idea of the 
amount of earthwork on a route, and therefore its cost. To do 
this, a more or less approximate measure of each cross-section is 
taken and then the distance between any two cross-sections is 
multiplied by the half-sum of the two areas. The sum of all such 
products gives the total volume. Such a method is mathematically 
inaccurate, but the approximation in the cross-sectional areas, and 
some other reasons, will probably introduce still further inac- 
curacies. These various methods will be described in an increas- 
ino" order of accuracy. 

54. Level Sections. From Fig. 88 may readily ])e deriwd 
the e(|UHtion 

Area =- (ff -• f/ys - ^ (39) 

If A,, is tlu* area of the initial section and A,, A,, • • A,^ be the 

areas of the succeeding and linal 
sections, which are at a uniform 
distance a])art of /, then the total 
volume will l)e 

Volume -_ -y I [Ao + 2 (A, -f A, 








FiK. .'tS. 



-f ■ • -^ A„ ,) + A„| (40) 



Of cojirsf / is usuallv KH). The ■ for each section is a constant, 
and therefore the subtractive term is simply this constant multi- 
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plied by the number of times the areas are used in the summation. 

Example, Given tbe center heights set down in the second 

column of the tabular form. Width of roadbed, 20 feet; slope, 

1.5 : 1. Then d = (5.7. The remainder of the solution is evident. 



Sta. 


C«*iiter 

1.4 
2.6 
4.3 
8.9 
3.1 


(a-fd) 



8.1 

9.3 

11.0 

15.6 

9.8 


(a -r d)2 


(a + d)2 


(% 1 




42 
43 
44 
45 
46 


65.61 

86.49 

121.00 

243.36 

96.04 


98.41 
129.731 
181.50 
365.04 J 
144.06 


X 2 = 

1 


98.41 

r 259.46 

3(i3.00 

730.08 

144.06 



a/, 



'■'•■^ ^ ^^- = 07 



O 



8 X 07 



15$)5.01 
530. 



1059.01 



1059 X 100 



2 X 27 



= 1961 cubic yards. 



The above method invariably gives results which are some- 
what too high, for the volume between two ** level sections" is less 
than the length times the mean of the areas. When the areas are 
equal, the error is zero, but it increases as the squifreoi the differ- 
ence of the center cuts, or fills. But since sections are almost 
never truly level, the assumption that they are level will usually 
introduce an error largely in excess of the theoretical error. Some- 
times the above method is used, aided perhaps by tables, by taking 
center cuts, or fills, from a profile and assuming that the actual 
volume will be the equivalent of the volume com])nted as above. 
Such a method lias its value as a means of comj)aring two routes, 
but the error is apt to be very great. 

55, Equivalent Sections. The following method is some- 
times used when the cross-sections are irregular and especially 
when there is disinclination or inability to use a more accurate 
method. Each cross-section is plotted on cross-section paj)er. 
Then a thread {jnii) is so laid that (by estimation) it ecjualizes the 
spaces above and below it (see Fig. 31)). The distances out from 
the center of the intersections of this mean line with the side sIojr^s 
are scaled from the drawing and are here called .i\ and ./,.. Since 
8 is the slope ratio, s = ,Vi -r- ///o = x^ -^ up. Then the required 
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area tMjuals the area muop minus the triangles inno^ npn^ and the 



" ixrade triantrle," which means that 
Arc. \ (•''^-^''^) I.'-, -r .r,) - 



.y 



•'1 



s 






///> 



.rj ./'j. 







Fi^. ;iJ). 



(41) 

Note the simplicity of the 
form. When ^t = 1:1, the 
area equals the mere product 
of these two side distances 
minus the constant correc- 
tion -.-<//;. The areas l>eing 

computed, the volumes are 
obtained exactly as in equa- 
tion 40. As in the previous 
section, it may readily be 
shown that llie method of averaginir end areas does not give correct 
n»snlts except in the s])ecial case when the distances to the right 
(or to tlie left) at a<ljacent stations are equal, and when these dis- 
tances are nearly e(jual the error is small. As an approximate 
melliod, it is very raj)id and croud. As before, the correction is 
usually i)< f/(ft'tr( , /.< ., the c()inj)Uted volume is too lartre. 

56. Volume of a Prismoid. 
V\\i. 4i) re])resents in a j)ers])ective 
view a ])rismoid, formed between 
two Irian (tU^s which lie in ])arallel 
planes. The surfaces which join 
the corres])onding sides of the tri- 
antrles are, in general, war])ed sur- 
faces. It may be ])rove(l that the 
volunu* of such a prismoid equals 

one-sixth of the jxM'pendicular distance between the p!irallel ])lanes 
times the sum of the two end triann;les and four times the middle 
triangle (cut l)y a plane ])arallel to the end planes and uiidway 
between them). This may be stated algebraically as follows: 
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leiitrtl 
\ oluiiie = 



f''(A, ■ i\^ -A,) (42) 



It may also lie jirovtnl that the formula holds jtckxI reiranlless of the 
vahu*s, relative or ahsohite, of /»,, //.. //, or // ,. Therefore it holds 
goixl when /t2 = O^ and the prismoid l)tH*omes a wtnltTe. It also 
holds good when l>oth /t, and ^a, l)eeome zeroand the j)rismoid l>tM.M)me3 
a pyramid. But since the formula holds gooil for all these forms 
individually it holds c^ood for them collectively, and since any 
prismoid, having bases of straight lines lying in pamllel |)lanes 
and with plane or warj)e<l surfaces connecting those ends, can l>e 
considered as made up of a collection of triangular prismoids, 
pyramids and wedges, the formula evidently holds for such a 
prismoid. 

If, in equation 42, Aj^ were the mean of A, and A,, then we 
could obtain the true volume by averaging end areas. Some of 
the exceptional cases where this is true have already been men- 
tioned. In general it is a complicate<l and impracticable problem 
to compute the area of the middle section. But it is quite }K)ssi. 
hie to compute the corn^'tion which must be applied to the result 
found by averaging end areas, and these metlunls will be ustnl in 
the following more accurate solutions. Applying equation 4*2 to 
Fig. 40, we have 

^ olume = T I ., \ K + ^ ( v> o " o ) - o ^ ^' • J 

But the apj)roximate volume, computed by averaginii; end areas, is 

Appr. vol. = .^-( .^-//, //, ' -- hjA 

Subtracting the approximate volume from the tiue volume, we 
obtain the 

(Correction ^- ^^ |^(//, - //,) (//, - //,j J (43) 

57. Three-Level Sections. When the gronnd is fairly uni- 
form so that it may be said without great inaccuracy that it slopes 
uniformly from the center to each slo])e stake, then the volume 
may l)e computed from the positions of these three points and the 
sections are called "three-level sections.'' The area of such a 
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section ^^ -o"(^' + fl) fr - -^y<th. If we consider two such adja- 

cent sections and compute the volume by the method of averaging 
end areas, we will ol)tain as the volume 

Vol. = -t\Jj' + 'H "'' " '^^' + (" + 'H *''" - ''^^] 

Dividing by 27 to reduce immetliately to cubic yards, we have 
when / --^ 100, 

25 ^5 *^^ ^^ 

Vol. :=_(„ + ,/') „.' _ 1--^^ „h !- :,: (,/ + ./") </." - J^ „ /, (44) 

When it is desired to make the computation still more accurate, 

the prismoidal correction may be computed as follows. We may 

compute separately the pris- 
moidal correction for each of 
the two triangular prismoids. 
These two prismoids together 
include the triangular '' grade 
])rismoid" under the road- 
bed, but since there is no pris- 
moidal correction to the grade 
])rismoid, such correction as 
may be com])Uted applies 
solely to the volume actually 

excavated. Apj)lvint^ e(jnation 43 to the dimensions in Fig. 41, we 

liavt* for the left side 

Pris. ( urr. - -^ Ik -f //') - \>i i- </") J [ii\' - /r/), which 




Fi«r. 41. 



/ 



reduces to - jtj- ( </' - d" ) kh\' - //'/ 1 
For the ritdil side, we may eunii)nte similarly 

ris. ( orr. - ^ ,- [*l - <l i \ii\. - //',.) 
For llie two liMimtrles we have 

-" \-l K'' - '' ) I" -• " ) 



"V) 



] 



13& 



/ 



• l. . 
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Making / -- KM) and Jiviilincr l)y 27 to nnhuv ti» ciihic vurds wv have 

Pris. ( orr. ■-= jj'' (</' - //" ) (//•" //• ) (45) 

An inspection of e(|uation io will show that if tMtlier tho ctMiter 
cuts or the total widths at two adjacviU st^etioiis anuMjual or nearly 
so, the prismoidul correction is Zi*ro or is so small that it may ho 
neglected. Tills fre<juently enahles one to decide that the j)ris- 
nioidal correction will evidently 1)o so small that it will he useless 
to compute its exact value. It usually hapjHMis that when (/' > i/'\ 
w is also greater than //*". This means that the corn»etion com- 
puted from equation 45 will usually ho y/'//r////'r, which means 
tbat for three-level sections the results computed hy averacrinj^ end 
areas will usually be too larirc. 

A very great economy of time and accuracy result from tahu- 
lating all the computations in earthwork. Such work can he 
readily reviewed to check it or to discover a supposed error. An 
illastration of such a solution is (riven helow. 

58. Numerical Example. 



I 

Sta. Outer, j Left. 



\i\\i\\\. 



I . 



o2 S.IC 



M : 0.7 (' 
iA 10.6 ( 



9. or 
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1 . LM ' 

i.rs 

4 liC 






Lfi.l I lS.:i 

Jl.5.«<" 7S(_^ 

80.4 I IM.7 

19. OC' 10. BC 



11.1 
14.7 
IS.O 






^-«^' 40.5 i ::7.« , 

„,,, 12.4 (• 0.8 (• . 



4(M! 
47.1 

♦is. 4 
"1 •» 



Viinl- 



.1' .1" w " w '*^'''^- 

ID IT. 
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1::m7 

i;;u7 

•J74 






• > 



:"..!» 



t . t 



\.\t i- i».;; 



fr.s 17.1 



•s 



RoadluMl 2-t' wide in cut. Approx. vol. ^0^^) 
SIojK) 1.5 : 1. I*ris. corr. - Hi* 

True veil. Kill 



-- titf 






•..'« 



2.-) 



-;;„/, ^ ITS 



i».(r» 



In the ahove form, ,^. . in the third t'oliMnn means that thi» sloix* 
Stake on the A f 7 side of Sta. oO is l'.») feet ahove the elevation of 
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the roadl)ed which is here in cut C; also that it is 20. J: feet out 
from the center. This notation is also used to indicate the |K)8i- 
tion of "intermediate points," the numerator of the fraction giv- 
ing the depth of cut or fill (C or F) and the denominator the 
distance from the center. The other |>oint8 in the third and fourth 
columns are to be interpreted similarly. Column 5 is found by 
adding a (=8.0) to column 2; w in each case is the sum of the 
two denominators in tlie same horizontal line; 413 (in column 0) 



25 



rrr —^ X 1 1.1 X 40.2. A sliort method of performing this mul- 

tiplication will be given later. The solution of equation 44 
applied to this case is: 

Vol. ^ 413 - 178 + 045 - 178 = 702. 

Similarlv 131)7 -- Jl^, (1018 - 178 + 1488 - 178). 

KM) ^ ^ 



and 074 -- /^'^ ( 14S8 - 178 + 7U3 - 178\ 

100 



25 



- 3.0 = 3.1 - 0.7 and + 7.2 -- 47.4 - 40.2. - 8 = __ 

81 

(- 3.0)j X { + 7.2); see equation 45. Note that in this case the 
prismoidal correction is less than 1 per cent of the total volume. 
The errors due to inaccurate cross-sectioning will frequently be 
more than tliii?. The volume 4041 cubic yards is the jtreche vol- 
ume (barring the neglect of the fraction of a yard) of the prismoids 
given by the notes. Whether these prismoids actualjy reiu'esent 
the true volume of the earthwork depends entirely on the cross- 
sectioning and is entirely out of the hands of- the computer. 

25 
59. Computation of Products. The ])rodncts \^ al may be 

ill, 

written ^ -^ . I hese ])roducts are always the combination of two 
l.OS ^ ^ 

variable terms and a constant. It thus becomes possible to con- 
struct tables which will give these ])r(Klucts for any given lieitTht 
and width. CrandalTs Earthwork Tables are computed on this 
basis. 13ut these products are also obtained with great ease by 
means of a slide rule, provided it is large enough, to give the 
recjnired accuracy. The 108 mark, being so constantly in use 
should have a special mark so that it may be found without effort. 
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As a numerical illustration, take the first of the above castas. Set 
the 108 mark of the iij)j)er scale on the 111 mark on the lower 
scale. Then look for the 402 mark on the upper scale and note 
that it is nearly over the 413 mark on the lower scale. While it 
is possible to devise set rules to determine the position of the 
decimal point, it is considered that a hasty mental solution of the 
problem will decide the point quicker and with less chance of 
error. For example — the product of the two varial)le quantities 
is always divided by l.OS, which means that the final result will be 
a little less than the simple product of the two variables, 11 X 40 

= 440. Therefore 413 is evidently the correct result, rather than 

•25 
41.3 or 4130. The products ^ ./•// are similarly obtained since 

25 1 

gr = ~^~o^' and the 324 mark can be used instead of the lOS. For 

/^, ,.^ 11 , (- ''^•<>) X (-T- 7.2) 
example, the slide rule shows that -^ -r^ ^. - S to the 

nearest cubic yard. As to the decimal point — 3.0 -f- 3.24 .is 
something more than one; therefore, the result is something more 
than 7.2. Therefore it is 8, rather than 80 or 0.8. If the student 
has neither tables nor slide rule, the multiplication of the two 
variables (in columns 5 and 0) and the division of the products by 
the constant 1.08, may be made so mechanical and systematic that 
it may be done quickly and accurately althoucrh it is much slower 
than the slide rule method. 

60. Irres^ular Sections. The distance from the center and 
the height above or below the roadbed must be obtained for each 
break in the surface between the sl()])e stakes. Then, in Ficr. 42, 
by dropping perpendiculars from each point to the roadbed line, 
the total area is divided into a number of trapezoids, the sum of 
the areas of which (less the areas of the two triantrles under the 
side slopes) equals the total area of the section. For Fig. 42, the 
area would be stated alirebraicallv as follows: 

Area = -^,-(/* -r .^M/'-r/) • ., (-^ ^- f) (y-ZO i ., (/ f </)// 

<^ "^ <w 

1 , .1 ,,.1,1 

1 . 1 , 

- 2 'H/- 2^> 
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Expanding this and collecting terms, of which many will cancel 



out, we have 



Area = \- F/v -f <j {t - r) + h {d - ,s) + kv + j {d - w) + ,,- i 



{r + «') J. 



(46) 



Although the above equation looks as if it applied only to the par- 
ticular case given, yet a little study of it will show that the terms 
follow a law so general that the reduced equation for the area of 
arnj section, no matter how complicated or how many points it 
may have, may be written out by a literal obedience of the follow- 
in cr rule: 

Area equal i^ one-half the sain of produi'ts ohtolued (in follows: 




Fig. 42. 

77/6' d'istanee to eaeh shqje stal'e tinier tlw hcUjht ah(tve (jrade 
• (f tli(f p(niit next in side tlw nlope stake j 

The distance to each intermediate point in tarn times the 
hriijht (f the 2)oint just inside minus the heitjht <f the point just 
imtsfdc ^* 

Final! 11^ one-half the inidtJi tfthc roadhrd ti/nrs the sum. of 
the slojte stake hci(/hts. 

The above rule may bo followed literally whether there are 
forty intermediate points or one, or even no/te. AVhen there are 
no intermediate points the terms for that side reduce to one — the 
distance to the slope stake times the height of the point next inside 
(which in this case is the center). For three-level ground (see 
Fig. 41), we would have three terms; 
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Area = ?q d -\- w^d -\- -o" ^ (^'i + '''r)j which reduces to two terms 

«•» 

Area = wd -^ —ph (//] + h^). 

The method of §57 has the advantage that one of the two 
terms for each section is constant for all sections — in the numerical 
case of § 58 it is 178 cubic yards. By the above method the two 
terms for each section are variable. Nevertheless, when the cross 
sections usually have one or more intermediate points and there- 
fore the method of § 60 must be used, and an occasional section is 
found with no intermediate points, it is better for the sake of uni- 
formity to apply the above method rigidly and thereby avoid the 
possible confusion and error that would result by the use of another 
method. Probably no time would be saved by the change of 
method. 

61. Prismoidal Correction. The above method of irrecrular 
sections is capable of being followed to its logical conclusion, and 
a computation for volume made which is mathematically correct, 
provided that it is noted on the ground how the points of adjacent 
sections are joined, so that the warped surfaces thereby developed 
shall lie as closely as possible in the actual surface of the ground. 
But the very fact that the cross-section is irregular implies that 
any longitudinal section will be correspondingly irregular, and this 
leads to the suspicion that a refinement in the computations may 
be overshadowed by a much larger but unknown difference between 
the volume of the assumed geometrical solid and the actual volume 
of the earthwork. In order to obtain a correction which is easily 
computed and which gives a result which is probably much nearer 
the truth than no correction at all, the following method is much 
used: Consider ih?itf(pr the purpose of the correothni the ground 
is " three-level ground " and use equation 45. Numerical compu- 
tations of volumes by both methods have shown that the difference 
is small, and is perhaps smaller than the probable error on the 
entire work. This method will ^e used in the followincr numerical 
solution: 

62. Numerical Example. Volume of Earthwork in Irreg- 
ular Ground. The first tabular form gives a desirable form of 
notes for recording the field work. Note that the station numbers 
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StJi. 


renter* ^'"^"'' 
center^ Fill. 




Left. 






Right. 


17 


1.2 


c 


4.2 c 
16.4 










0.8 c 
11.2 


4n 


4.;^ 


c 


o.l e 
17*. 6 


6.2 c 
8.0 






2.1 c 
3.4 


1 .6 c 
12.4 


+ 42 


i:i.(> 


c 


20.2 c 
40.8^ 


15.7 c 

;^2.4 


14.4 
16.8 


c 


12.5 c 
10.2 


9.6 c 
24.4 


4o. 


0.2 


c 


12.:^ c 

28.0 


12.7 c 
16.0 


6.8 
6.4 


c 


0.2 c 
8.5 


7.8 c 
21.7 


44 


:j.2 


f 


6.0 c 
10.0 


8.5 c 

"8.H^ 




• 


1 


1.8 c 
12.7 



Koadhed 20 feet wide in cut. Slope 1.5 : 1. 

FORM FOR REDUCING THE ABOVE FIELD NOTES, 



Stjv. Width. Sleight. 



44 



45 



+ 42 



46 



47 



10.0 


a. 5 


H.H 


- 2.8 


12.7 


H.2 


10. 


7.8 


2H.O 


12.7 


16.0 


- 5 . 5 


6.4 


;j.5 


21.7 


0.2 


S.o 


1.4 


10. 


20.1 


40.;'> 


15.7 


H2.4 


- 5.8 


16. H 


- 2.1 


24.4 


12.5 


10.2 


4.0 


10. 


20.8 


17.6 


6.2 


8.5 


- 0.8 


12.4 


2.1 


H.4 


2.7 


10. 


<).7 


16.4 


1.2 


11.2 


1.2 


10. 


5 . 



;jn5 

81 
21 

185 
11 

18() 

585 

174 

83 

282 

88 

276 

101 

() 

24 

8 
(52 

18 
12 
46 



Yards. j 


Center 
height. 


Total 
width. 


62 

88 
72 


1 

! 


11 •> 


31.7 






— - 






tif - d" ir' 



' Approx. 
irf i>ris. 
i eorr. 



0.2 I 50.2 '- 6.0 -fl8.5 - 84 



7(>5 



18.6 64.7 



(>67 



- 4.4 -fl4.5 - 20 



4.8 I 80.0 +0.8 - 84.7 - \(K) 



Approx. \oluine 

" ])r. c'orr. 

Corrected volume 



(i75 



265 



2:^72 
15() 



1.2 



27.6 



+8.1 -2.4 



>> 



- 156 



= 2216 cubic yards. 
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run up the page. By this method the '* fractions " which show 
the height and distance out of each point are recorded in tlieir 
approximate relative position when the note book is held looking 
ahead along the line. 

It should be noted in this case that the prismoidal correction 
is a large percentage of the total volume. In the case of a pyra- 
mid, the correction is one-third of the nominal volume, which 
means that it is 50 per cent of the true volume. The foregoing 
numerical case gives the notes for an embankment crossing a 
gully, and in such cases especially the prismoidal correction is 
always large and should not be neglected. 

63. Side-hill Work. A road frecpiently runs along the 
slojH? of a hill so that it is necessary to have both cut and fill in 
the same section. The profile at such a ])lace will indicate little 
or ho earthwork, but if the natural slope is steep and the roadbed 
wide the amount of earthwork mav be considerable. Althouirh it 
is possible to apply the general rule of §<)() to such cases, it is 
usually simpler to compute the area in each case independent of 
the rule, es{)ecially when the section forms a mere triangle. The 
areas of cut and till must be calculated indej)endently. When a 
section of cut or till is found at one station and is not found at 
the next, accuracy requires a knowledge of the place where the 
cut or till ^*runs out". That small volume must then be consid- 
ered a pyramid with a given base and height. In general the end 
of every cut or till implies, the existence, at least for a short dis- 
tance, of side-hill work. Although the volumes are usually small, 
yet since they are frequently of pynimidal form, the prismoidal 
correction is usually a large ])ercentage of the volume and hence 
should not be neglected. The rule of ^Hl can generally l)e 
applied. 

64. Borrow Pits. This name is a])plied to ])laces from 
which earth is taken to make an embankment when there is insuf- 
ticient excavated material in the neiirhborhood or when the mate- 
rial is unsuitable for embankments. Such volumes must be 
measured uj) and paid for tlu^ sanu* as other excavation. Some- 
times the form of the excavation is littM'allv that of a rectanjrular 
pit, in which case the simple product of the three dimensions 
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Fig. 4:5. 



gives the volume. But usually it is required to slope the sides; 
sometimes the material is obtained by widening a cut, as in Fig. 
44. If the borrow pit is verj' large, several cross-sections should 
l)e taken at sufficiently close intervals. If the prismoids into 

which the total volume is 
divided have substantially 
^ equal bases, the prismoid- 
al correction will be small 
and may be neglected, but 
if the forms are pyramidal 
the correction should l>e 
computed It may be- 
come necessary to consider 
the total volume as made 
up of triangular prismoids and compute the prismoidal correction 
for each one separately. 

65. Correction for Curvature. The volume of a solid, gen- 
erated by revolving a plane area about an axis lying in the plane 
but outside of the area, e([uals the product of the given area times 
the length of the path of the center of gravity of the area. When 
the centers of crmvity of tlie cross-sections lie in the center of the 
road, where the length of the road is measured, no correction is 
necessary. If all the crt)ss-sections were the same and therefore 

* 

had the same eceentrieitv, the total volume eould he computed by 
the al>ove rule. IJnt in ireneral both the areas and the eccentrici- 
ties vary from point to ]K)int. 
a!i(l then a theoretically exact 
solution would be impracticable 
for ordinary work if not impos- 
sible, l^ut a sufficiently prac- 
tical rule can be developed as 
follows: Assume a curved pris- 
moid, of uniform cross-sections 

and therefore of uniform eccentricity, (all that eccentricity <. 
Let II be the radius of the center Irne of the road. Then the length 
of the i)ath of the center of trravity is to the lentrth measured on 
the center line as U iL / : U. Therefore we have 

Tmc i^nhdHt' : iiomiitaJ vol tune : : Iw ih < : R 
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H + e 
Therefore the true vohime of the ])ri8moid = lA — ^^~". This 

shows that tlie effect of curvature is the same as increasincr or 
diininishing the area by an amount which depends on the area and 
the eccentricity and that the increased or diminished area may be 

found by multiplying the actual area by the ratio — \y^' This 

being independent of the value of /, it is true for infinitesimal 
lengths. If the eccentricity is assumed to vary uniformly between 
two sections, the equivalent area of a cross-section located midway 

l)etween the two end areas would be A,„ _ !l-^^^ : There- 
in 

fore the volume of a solid which, when straight, would be -rr ^ 

(A' + 4Ajp + A") would then become 
True volume = 

/ r ., .^ . , 1 

Oli 



[a' (R ± ..') 4. 4A^ [R ± \ (.' + r")] + A" (R -f r")] 



Subtracting the nominal volume, which is the true volume 
when the prismoid is straight, we have the correction for curva- 
ture as follows 

Correction = ± |r|-j[(A' + 2A^) .' -\- ^2A„, + A") rv] 

As in the case of the prismoidal formula, the use of this 
equation implies a knowledge of the middle area. This correction 
is always a small proportion of the total volume and is frequently 
insignificant. Therefore no appreciable error is involved in mak- 
ing the equation read 

# 

Cnrv. eorr. = ^ (AV + A",.") (47) 

66. Eccentricity of the Center of Gravity. The value nf'c'. 
The determination of the center of g<'avity of a complicated irre^r- 
ular cross-section would be a long and tedious ])roblem and is 
practically unnecessary. For the purpose of tliis correction it is 
sufficiently accurate to consider all sections as three-level sections, 
except in side-hill work, where they should usually be considered 
as triangles. Tn Fig. 45, the eccentricity of the center of gravity 
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of the whole section, including the grade triangle, may be com 
puted as follows: 

(a + //) Xi ,r^ (a + tj) .r, ^, 



r 



_2 -6 2 3 1 (a-i* -■»•/) _1_ 

.^_^tlU^ ^ (u + (f) a-, 3 (ar, + ar,) ~ 3 ("^^ " ^''^ 

(48) 



+ 



2 '2 

Substituting this value of e in equation 47, we Lave 

Curv, corr. = fTjj[A' {x{ - ar,') + A" (arV - a-,") ] 

But the approximate volume of a prismoid may be written 

Vol. = I- (A + A") =l.A' + l-A" = Y'+Y 



tt 



in which V and V" represent the nuniter of cubic yards corre- 
spondintr to the area at each station. Substituting these values in 
the above equation, we have 

C^urv. corr. in cu. yd. =- ^j^[v' {x{ - x^) + V" (a-^' - <')] (49) 

Tlic value of < , found in equation 48, is the eccentricity of the 

whole area, including the grade triangle 
under the roadbed. The eccentricity of 
the true area is greater than this and 

c(]uals 

true area + A ah 




= t' X 



true p.rea 



The required quantity (the A' c of equa- 
tion 47) equals true area X t', which 

equals ( //v/r <r/r(f -\- - - ah^ X ' . The value of e (given in equa- 
tion 4^) is a remarkably simple term, while the value of e^ is very 
complicated and dithcult to compute. But since we may obtain the 
true corrective value by using <'. and at the same time adding the 
yardage corresponding to the grade triangle to the yardage cor- 
resj)onding to each area, it is best to do it in this way. 

For any one curve the corrective terms are all divided by the 
quantity 8K. If tables are not at hand, it is am])ly accurate to 
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compute that R = — ^p in which D is the degree of the curve. 
Even equation 49 may be simplified somewhat in actual use. The 
correction at each station has the form — tlfT"^"* ^-^ ^^ usually 

a large quantity; for a i"^ curve it is 4298. (.r^ - Xj,) is relatively 
very small. Their ratio times V is never a very large quantity, 
and it is frequently less than unity, when, of course, it should be 
ignored. An approximate solution will generally show that the 
product V (.r^ - x^) is roughly twice or three times 3R, or is per- 
haps less than one-half 3R, and then the corrective term for that 
station may be written 3, 2, or cubic yards, the fraction being 
ignored. It is only when the curvature is excessively sharp and 
the eccentricity very great that the curvature correction becomes a 
large percentage of the volume. 

The algebraic sign of the correction is most surely and easily 
noted from a consideration of the direction of the curvature and 
Dn which side the earthwork predominates. If the center of 
gravity is evidently toward the inside of the curve the true vol- 
ume is evidently less than the nominal volume and the correction 
should be negative. When the curve turns to the 7*i(/ht^ use the 
form (a*! - x^) ; when it turns to the leftj use the form [x^ - Xi). 
The algebraic sign of the correction will then be strictly in accord- 
ance with its true value. 

67. Numerical Example. Assume that the earthwork com- 
puted in §58 is located on a 10^ curve to the h-ft. How much 
will be the curvature correction ? Co])ying from the solution in 
§58 the necessary data we have at once the first four columns of 
the tabular form. Usually the last three columns will be merely 
added to the form given in § 58. Since the curve is to the left, 
we use the form (.r, - x{). 311 -= 3 X 573 = 1719. 



Station. 



52 
58 
54 
+ 65 
55 



'\ 


a-r 


Yards. 


26.4 


13.8 


418 


1 29.1 


18.8 


645 


85.4 


2:^.7 


1018 


40.5 


27.9 


1488 


, 80.6 


20.7 


79;^ 




-12.6 

- 10.8 

- 11.7 

- 12.6 

- 9.9 



Curv. 
corr. 



- 8 

- 4 

- 7 
-19 

- 6 



- 7 
-11 
-17 
-. 8 



Total curv. corr. = - 43 yards. 
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The net volume of the mass under consideration is thus reduced 
to 3,998 cubic yards. A 10° curve is rather unusual. Since the 
correction varies directly as the degree of the curve, if the above 
curve were a 4^ curve the correction would be only 0.4 X 43 = 17 
cubic yards. 

68. Eccentricity of the Center of Gravity of a 5ide-hill 
Section. It will generally be sufficiently accurate to consider, for 

this purjwse, that all side-hill 
sections are triancrular. The 
center of gravity of a triangle 
lies on a line joining the vertex 
and the middle of its base, and 
at one-third of the lenjjth of 
this line from the base. The 
eccentricity is therefore equal 
the distance from the center to 
the middle of tlie base of the 
triangle plus one-third of the 
base of the triangle plus one-third of the horizontal projection 
of that line. Applying this rule to Fig. 40, we have 




c 



= [T-i(r-.)]^4[-.-(4-|(4-x.))] 



~ T " T "^ ^3 



^\ 



A -4- i'r 

12 "^ 6" 



=1- 



.Ti 



.r. 



3 3 



(so) 



It should be noted that the grade triangle is not considered in the 
above solution ; therefore the volume of the grade ])risin. should 
not be considered in applying Eq. 40. In three-level ground the 
curvature correction will be zi'ro when .rj = ./'j., but in side-hill 
work the curvature correction is never zero and it may Ix^ a large 
proportio!! of the total volume. 

In case the triangle lies wholly on one side of the center, it 
may be similarly shown that the ecjuation may be written 
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^=-3-[-^+ (•^'l + ''^r)] (51) 

This equation may be derived directly from equation 50 by con- 
sidering that when both points are on the same side of the center, 
the algebraic sign .r^ should be changed. These various cases may 
be generalized by saying that when the triangle lies on both sides 

of the center, <? is always numerically equal to -^ I -— + (^^ ^ x^) I 

in which the form should be (.rj - .r^) or (./,. - x{) according to 
the criterion used in § GO. When tlie triangle is on one side only 

e = — rl — r- + the numerical f^inn of the two distances out 1. Its 
8 L 2 J 

algebraic sign should be determined as in § 66. 

CONSTRUCTIVE EARTHWORK. 

69. Methods of Excavating. Economical excavating depends 
largely on the distance to be hauled as well as on the character of 
the soil. Side-hill work is usually done by mere shoveling, the 
earth being loosened by picks or plows. When the distance that 
the earth must be moved becomes greater, wheelbarrows or drag 
scrapers become economical. Wheeled scrapers, two-wheeled carts, 
four-wheeled wagons, small cars drawn by horses, and heavier cars 
drawn in a train load by locomotives successively become more 
economical as the distance increases. As the magnitude of the 
work increases, thereby justifying an increase in the cost of the 
plant used, economy in the cost of loosening and loading is ob- 
tained by using a steam-shovel instead of picks and plows. When 
cuts are very dcjep, they are best excavated in ''benches" whose 
height will depend on the method of loosening and loading. 

70. Blasting. Blasting is employed not only for hard rock 
which can only be removed by such methods, but also as a me:\ns 
for rapidly loosening shale and even frozen earth. The explosives 
used vary in their composition from a high grade detonating ex- 
plosive, such as No. 1 dynamite which consists of 75 per cent 
nitro-glycerine, to black powder which is, comparatively, '' slow 
burning." Between these extremes there are a great multitude 
of explosive compounds, which consist of varying proportions of 
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exjjlosives of tlie two types. It lias been ileinonstrated that a slow 
huniiii^ explosive is made to *• detonate " if it is exploded by means 
of a sutheient volume of a detonating explosive, which means that 
a mixture of the two kinds has a greater explosive force than the 
sum of the constituents exploded separately. The choice of ex- 
])losive dej)end8 on the character of the rock. A hard brittle rock 
requires a detonating explosive which shall shatter it. A soft and 
tougli rock is best loosened by a powder which acts more slowly. 
If dynamite is exploded in a soft clay rock the hole' may be blown 
out, but the great mass of the rock is not disturbed. When the 
center of the mass of [)owder is 4 feet from the nearest surface, 
aliout 2 ]x>unds of black powder (or about ^ of a pound of dyna- 
mite) should l)e used. The amount should vary as the rnhe of the 
•* line of least resistance," /./., if the center of the blast is 10 feet 
from the nearest surface the amount would be determined bv the 
jjroportion ./- : 2 :: 10' : 4", or./' -- 31 j>ounds. In this case, since 
dynamite is about six times as powerful as black powder, a little 
over 5 jKMinds of No. 1 dynamite would do as well. The '*line of 
least resistance" mav not l>e the *• nearest line to the surface" on 
aciMmnt of seams in the rcK*k which modify its resisting power, but 
\\w above rule is about as near a tixed rule as can be stated. For 
ojuMi work, esjKrially when time is not a very important matter, it 
is c*ljea|)er to use l)laek ]K)wder, but i*n tunnel headings where the 
protxivss of llie work is limited by the ])rogress of the drillers it is 
economical to use dynamite although it is more ex])ensive. 

/>/v7//'//v. Hand drillino^ when the holes are vertical is best 
aecom|)lislied with ** churn drills," which are heavy bars of iron 
shod with a steel drill, which are raised and drop])ed, the impact 
dointr the cuttintr, the drill l)eintr slijjhtly turned after each stroke. 
From tive to fifteen feet of holes, depending on the character of 
the rock, is considered a fair day's work of ten hours. Oblique 
or horizontal holes must be drilled with lififht drills of the **one- 
man " ty])e or the * two-man " type. The one-man drill is worked 
entirelv by one man with a lifrht one-hand hammer. AVith the 
other method, one man holds the drill, which is perhaps a little 
heavier and which is struck by another man, or j)erhaps by two, 
usintT a heavy hammer. It has been found that the licrht-hammer 
method is more economical for soft rocks, the heavy. hammer 
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method more economical for hard rocks, but that the h'ght-hammer 
method is always quicker and is to be preferred when limited 
space and time are matters of im[)ortance. Machine drilling is a 
specialty which can only have a very brief general discussion here. 
Where the magnitude of the work will justify it, it is always more 
economical per foot of hole drilled. The plant is expensive both 
in first cost and maintenance; part of the expense is nearly 
constant regardless of the number of holes bored, and so it is only 
when the work is extensive that the method is advantageous, but 
under favorable circumstances the economy is very marked. For 
open-pit work individual drills are used, but for tunnel headings 
several drills are mounted on a "carriacre" from which, after it is 
set, several holes may be drilled simultaneously. Com])ressed air 
is used to run the drills in tunnel work. This serves the addi- 
tional purpose of furnishing a supply of pure cold air at the place 
where it is most needed. 

Tainpuuj, It has been found that air spaces around the 
explosive cause a very material reduction in the force of the ex])lo- 
sion, therefore it is necessary to ram the explosive into a solid 
mass and then pack the top of the hole. Iron bars should never 
be used for tamping. Copper bars are sometimes used for ram- 
ming powder, but dynamite is most safely rammed with wooden 
bars. Clay is the best tamping material where it is available, but 
sand or finely powdered rock will serve very well. It has been 
found that when blasting under water tlie weight of the superin- 
cumbent water is sufficient tamping. 

Explodhuj, On small-scale work, the blasts are generally 
exploded by means of a powder fuse, which is essentially a cord 
which forms the matrix for a train of powder, the cord being 
further protected by a wrapping of some sort. Tlie better ])lan, 
and the one w^hich is used almost exclusively for extensive work, is 
to explode a large number of holes simultaneously by means of- 
electricity. A ''cap" containing a small charge of fulminate of 
mercury, an exj)en8ive but very powerful explosive, is set in the 
midst of the larger mass of explosive. An electric current from 
a field battery is sent through each cap. As the current passes 
through each cap it heats a small platinum wire to redness or else 
causes a spark to jump across a short gap in the wire. In mther 
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case tilt* fulminate is^ expludtnl, wliicli in turn explodes the main 
cliarire. 

175 

( 't»t<f. The coHt of blasting is so exceedingly variable, depend- 
ing on the nature of the rock, depth of the cutting, and especially 
on the magnitude of the work and the methods employed, that 
only the most a{)pr()ximate estimates can be here given. Under 
the most favorable circumstances, deep cutting, machine methods, 
and a rcK'k which is brittle but not too tough, the cost may fall as 
low as *J5 cents jier cubic yard, while with hand drilling, hard and 
tough rock, in a shallow cut, the cost might easily rise to 81 per 
cubic yard. It would indicate exceptionally unfavorable circum- 
stances, bad management, or ])()ssibly an excessive price for com- 
mon labor, if the cost should rise above this litrure. 

71. Formation of Embankments. Plxj^erience has shown 
that when earth is excavated and piled in embankments its vol- 
ume will at lirst be more than the oritrinal measured volume but 
that it will linally shrink to about UO j)er cent of its original 
volume. The ]»ercentage of shrinkage is a very uncertain quan- 
tity, as it de|)(MHls on the kind of earth, on the meth(xl employed 
in forming the embankment and on the time elapscnl between 
construction and the measurement of what is suj)po8ed to be the 
settlecl volume. Material dumped from a trestle will lirst have a 
vulnnie considerably in excess of its tinal volume and it will take 
.wevenil months and i^ven years to shrink to its tinal volume. On 
the other hand, if an emlianknuMit is formed in very thin layers, 
each of which is jiacked down by the jirocess of unloading the 
succ<'cdin<r hiyrr, tlicre will be but little shrinkaire after the 
embanknicnt is linislicd, but more material than the volume as 
nicasutvd in the cut will be recjuired to form that volume of 
enibaid^nient. l>roken rock, fornuMl into an embankment, will 
have a volume ab()Ut SO j)er cent greater than the mass of solid 
rock from which it is taken. 

It is fre«juently spi'cifuMl that embanknu'nts are to be made 
to a somewhat higher elevation than the plan of the road calls for, 
so that till' expectinl shrinkage will reduce the embankment to the 
desired level. Since the contractor is paid by the cubic yards of 
material r.ri-uoiiti-,1 and is retpiired to dispose of excavated mate- 
rial as reijuired, it is generally sj)ecitied that the amount of this 
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excess of height of embankments is left to the discretion of the 
engineer who decides the question during the progress of the work 
and after he has had an opportunity to judge of the material after 
excavation is under way. When embankments are placed on side- 
hills, the surface should be first plowed or have trenches dug 
along the slope so that the embankment shall not slip down the 
bill. A ditch dug at the base of each sloj)e will drain the sub- 
soil and may prevent a dangerous and costly disintegration of the 
embankment. Thickening the layers of an embankment on the 
outside somewhat so that the layers will be concave upward may 
also present sliding of the layers on each other. When the plans 
call for a very long and high embankment, it is sometimes best 
to construct first a trestle and operate the road over it. The 
trestle should have a life of at least five or six years, and during 
that time material can be brought from some excavation, perhaps 
several miles away, where it was perhaps loaded with a steam 
shovel, hauled by the train load, dumped with an "unloader," 
and allowed all the required time to settle, the whole being done 
for a cost per yard far less than it would have cost during the 
original construction. The method has the added advantage of 
])ermitting the road to be quickly opened for traffic and permitting 
it to quickly get on an earning basis, for such a trestle can be 
built more quickly than a very high embankment. 

72. Classification of Earthwork, One of the most fruitful 
sources of legal contention between a contractor and liis employer 
is the classification of excavated material when the work is ])aid 
for according to the classification of the material excavated. It is 
not only true that there is an insensible gradation from the softest 
of earth to the hardest of rock, but a material which is very hard 
when first exposed will sometimes crumble up after a very short 
exj)osure to the atmosphere. It is even true that some kinds of 
rock which are very soft when first taken out harden after exposure 
to the air, but this class of ])henomena never has any influence on 
mere blasting for excavation. To avoid these disj)utes, some rail- 
roads require their contractors to satisfy themselves as to the char- 
acter of the material to be excavated and then to make a sintrle bid 
per yard which shall include whatever material is encountered. 
With all its advantages, chis throws all the uncertainty on the con- 
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tractor, and unless the eomj)etition is very great and tlie bidding 
close the contractor will usually add so much to cover that uncer- 
tainty that the railroad will pay more than it would on a classified 
basis. 

The classification is usually made threefold — (1) solid rock, (2) 
loose rock, including shale and hard-pan, and (3) earth. Solid rock 
includes only such material as cannot be removed except by blasting, 
when it is found in masses exceeding one cubic yard. Loose rock 
includes boulders which are more than one cubic f(X)t in volume 
and less than one cubic yard: also stratified rock occurrincr in 
layers of not more than six inches, when they are separated l)v 
strata of day; also all material (not classified as earth) which run 
\w loosened with a pick and bar and which "'^ ani be (juarried with- 
out blasting although blasting may occasionally be resorted to.'' 
** Earth" includes all nuiterial not considered above — l>oulder8 not 
over one cubic foot in volume, all clay, sand, gravel, loam, decom- 
posed rock and slate, and all materials which can be loosened for 
loading by a plow with two horses, or such as one picker can 
keej) one slioveler busy. A brief consideration of the above classi- 
licalioii, which is compiled from the best authorities available, 
shows the intinilr o]»portunities for dispute as to classification. 

TUNNELS — SURVEYING. 

73. Character of Surveying. There are few kinds of sur- 

vt'viuix for eniiinctM'inj^ work wln^re jiccuracv is of such hiofh finan- 

cial value mikI wht'ie it is so clitiicult to accomplish as it is in 

tuinu'l woik. l>v the verv naturt? of tlie case a tunnel is usuallv 

• • • 

located in a i^etrion wlu-re it is vimv roni{h and all the surface sur- 
vt'vs must l)t^ made on vcrv stt-t*p slopes where accurate uu*asure- 
ments are exctvdinHv (liHicult. The survevs in the tunnel itself 
are made in crampt'd (piarters where light is artificial and the 
atmosphere is perhaps smoky. The dillicullirs will he elaborated 
as the methods for ohviatlntr them are discussed. Tunnels are 
mMierallv excavated from each end. A vciv small error at either 
end will accumulate, especially if the tunnel is ^ery long, until 
when the two headintrs meet tluM'e mav be an olfsi*t which mitdit 
actuallv ntvessitate a small reviM'st^l curve in tlu^ ali<{nnuMit. 
Therefore only the most relined measurements for distance, the 
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most refined leveling l)etween the ends of the tunneling and the 
repeated measurements of all horizontal angles or the most precise 
prolongation of lines are to be useil. All such work should be 
repeated and checked until the probable error of the work is so 
small that such error as may remain has no financial importancA^. 
The cost of such refined work is amply justified, because the lack of 
it may result in an error whose financial value might be very great. 

74. Surface Surveys. The relative position of the two ends 
of the tunnel is first determined, /.r., the azimuth and length of a 
line joining the two ends and the relative elevation. Usually a 
line is run on the surface which will be at every ])oint exactly 
over the center line of the tunnel. When the tunnel is ])erfectly 
straight throughout, this is comparatively easy. Any curvature 
in the tunnel complicates the surveying greatly. A permanent 
station, from which a long sight can be run into the tunnel, is 
placed at each end. Then intermediate |)ermanent stations are set 
so that adjacent stations are intervisible. These stations are first 
set approximately on line and then l)y rejjeated adjustments they 
are all set exactly on line. Any intermediate shaft can then be 
located from the adjacent stations. 

Distance. The distance is sometimes determined, as in geo- 
detic surveying, by triangulation and the measurement of a base line. 
Some of the great Alpine tunnels have been measured in this way. 
liut for simpler work a direct measurement is made with a tape. 
Since the slo])es are usually very steep, it becomes impracticable 
to hold any very great length of the tape truly horizontal. It is 
then also necessary to ]»lumb down from the down -hill end of the 
taj)e to the ground. This is troublesome and also introduces an 
element of inaccuracy. And therefore '••sl()])e measurements" are 
often made, measuring the slope distance In^tween carefully marked 
jMiints and at the same time determining the difference of elevation. 
A siniple geometrical calculation then determines the true hori- 
zontal distance. These marks mav consist of needles set in wooden 

* 

plugs sup])()rtKl on ordinary surveying tripods. 

Levels. The above method includes the level intj. But if 
the ordinary method of leveling is usetl, es[)ecial care must be 
taken, since tlu» sIo|h*s are very steep and the vertical distances to 
be overcome verv ureat. 
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75. Underground Surveys. Station marks, corresjionding 
to the stakes of ordinary surveys, caunot usually be placed in tlie 
bottom of the tunnel since they would be very quickly disturbed 
or covered over with debris. If the tunnel is timbered, the eas- 
iest method is to place the marks on the timbering, but this should 
not be done unless the timbering is very lirmly in place and is not 
liable to be shifted. The better plan is to drill a hole in the roof of 
the tunnel, insert a wooden plug, and then set in the wood a small 
hook or nail which marks the exact point. Occasionally such 
marks are placed on the side of the tunnel. When placed in the 
roof there is the advantage that a plumb line, which must \ye illu- 
minated l)y a lantern, may Ih} swung from the hook or nail. A still 
l)etter device is a plumb bob hung by a pair of cords attached to 
a **(j:imhel loint" on the bob. The bob has a little reservoir for 
oil and a wick exactly in the center which will furnish a flame 
which may be seen as far as necessary and which may be bisected 
by the cross hairs of the transit with great accuracy. Such 
'• sights'' can be reproduced whenever desired with great confidence 
that there is no aj)precial)le variation. When a mere plumb line 
is used to siglit at, it must he illuminated l)y some sort of lantern. 
This inuy he done by using a lantern with a ground glass which is 
])laeed behind the line, which is sivu by its contrast against the 
illuminated baekiriound. If an ordinary lantern is used, it should 
be i)laeed nearly in front of the line and ])ointing away from the 
transit, so that, without ]>eing seen from the transit, it illuminates 
the face of the line which then shows light against the darkness of 
the tunnel. 

The levelini'' must, of courst\ he done with tlie level rod in- 
verted so as to obtain the distance from the station point (hnrtt to 
the line of siifht. Of course this makes a correspondintr difference 
in the calculations which must be carefully watched to avoid a 
blunder due to this chantry. This may be avoided by always i^lac- 
intr 51 minus si<rn before any rod readings so taken, and then fol- 
lowintr the old rule of ^thn hndiull ti addino; backsights and sub- 
tractintr foresicrhts and intermediate sij^hts. Various devices are 
required to meet pj)ecial conditions whicli test the inventive inge- 
nuity of the engineer. 
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76. Surveying Down Shafts. In the case of very long tun- 
nels it sometimes seems advisable to sink shafts at one or more 
points on the line of the tunnel, and when they have been sunk to 
the required deptli, proceed to dig out the tunnel in each direction. 
For such work it becomes necessary to determine, at the bottom of 
tlie shaft, elevation, distance and alignment. If the shaft is ver- 
tical, as is usually but not always the case, the elevations are most 
readily carried down the shaft by means of a steel tape by methods 
which are obvious. Distance, which means in this case the longi- 
tudinal ])osition in the alignment of the road of any given point, 
is readily transferred from the surface to the level of the tunnel 
by a very obvious application of the results of the next process to 
be described. Transferring the alignment with accuracy requires 
the utmost care and ingenuity. In principle it is very simple. 
Two heavy plumb bobs are hung on steel wires which are long 
enough to reach from the surface to the tunnel. At the surface 
they are placed on a line. Theoretically they should be on a line 
at the level of the tunnel. If a transit is so placed in the tunnel 
that its line of collimation ])a8ses simultaneously through both 
wires, it is in the line of the tunnel. Such is the simple outline; 
some of the ditlicul'ties are as follows: 

Although the wires are set as far apart as possible along the 
line of the tunnel, the distance is absolutely limited by the size of 
the shaft. Any minute error in the location of these lines (say 
eight feet apart) will be greatly magnified when the headings are 
run out (5,000 or 7,000 feet in each direction from the base of the 
shaft, as was done in the case of the lloosac tunnel. The currents 
of air up a tunnel shaft have considerable effect in swaying the 
wire from a true vertical. In the case of the Tamarack shaft, 
4,250 feet deep, the wires were 0.11 foot farther apart at the bot- 
tom than at the top. The discrepancy /// that (lircrf'uni had no 
effect on the alignment, but if the wires had an error whose com- 
bined effect in that direction was O.ll foot, the lateral error while 
unknown was j)erhaps as much or more. The uncertainty was 
therefore in that case very great. Incasing such wires for thf 
whole distance in a box reduces the effect of air currents. The 
plumb bobs are swung in pails of water or oil at the bottom and 
their locations noted as carif fully as j)Ossil)le, taking the mean j)osi- 
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tion of the vil)ratioiis which cannot be altojjether overcome. Marks 
are then set at the bottom of the shaft (but in the roof of the 
tunnel) from which plumb lines can l)e hung. A transit can then 
be set by trial so that its line of collimation simultaneously passes 
through both wires. 

TUNNEL DESIGN. 

77. Cross-Sections. The variety in the cross-sections which 
have l)een acloj)ted is due to the fact that there are no absoluttj re- 
quirements which determine the design except in a general way. 
If the tunnel passes through such very soft soil that there is ex- 
cessive pressure the form should l>e circular or nearly so. While 
the size of the rolling stock is in one sense a limitiition, yet the 
clearance should be considerable, partly for the reason of allowing 
something for a possible settlement of the lining. A majority of the 
sections used have a semi-circle or semi-ellipse surmounting a rect- 
angle or trapezoid. Even when the ground is so soft that lining is 
re(juired not only at the to]) but also at the sides and bottom, the 
same general shape will be used except that the straight lines will 
be re])laced by arcs of circles concave to the center of the tunnel. 
Ilhistnitioiis of cross-sections will be shown under a subsequent 
section. 

A tnnnel jilniost invarial)lv strikes one or more veins of water 
which immediately l)f*gin to discharge into the tunnel, which there- 
after becomes the drainage outlet for such water. This necessi- 
tates an adequate provision for drainage. In adouble track tunnel 
the drain will usuHlly be placed between the two tracks, but with 
single-track tunnels they must necessarily be placed on each side. 
Fitrs- -^^ ^u(l Ty;i will illustrate this feature. 

78, Grade. Many tunnels are situated at the summit of two 
grades, which are very probably the ruling grade of the road. In 
such a case it is ])ossil)le to make the ends of the tunnel at j)racti- 
Ciilly the same level and have no grade in the tunnel except a slight 
summit near the middle of the tunnel which shall furnish grade 
for drainaw. (irade for drainage should never be omitted- -about 
0.2 per cent grade is required. But tunnels are fre<juently neces- 
sary as parts of a grade which is very ])ossibly the ruling grade of 
the line. In such cases the grade should be very materially re- 
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dticed while ninniiifi throiiyli the tunnel. The atmospheric resist. 
aiK'e in a tunnel is ^renter, t)te niils are iijit to Iw wet and Blijijti'ry 
ami the tractive power therefore less, while tlie consumption of the 
liuiited 8up])ly of o\yf*eii by tlie locomotive and the poisonous 
fuuies cast off, especially when the eufrine is working hard, is a 
source of actual daiifrer to the engine crew and even to the pas- 
sengers. Tlierefore a geiiemns reduction of grade should I>e made, 
although the precise amount of comjKsnsation requirtni is Iiardly 
eoniputahle. 

79. Lining. The lining require*! varies from no lining, wuch 
as may he iicrmitted when tile rock is so Hrni that it will U- abso- 
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lutely self suHtaitiing and will not disinlegnite njwn exposure to 
the weather, and a lining of the very heaviest and strongest cut- 
stone inasonry which should he umhI when the ground is subject 
to extensive settling. This condition is far worse than any mere 
fluid pressure. Many Ainei-ican tunnels have heen coustrneted 
with a |)ermanent lining of tiiulM-r, such as is illuritrateil in Fig, 
47. In other cases the cross-section of a tunnel hiis purjwisely 
been nuuie somewhat larger than necessary, so that when tlie tini- 
l)er lining required renewal a niiiHonry lining could be liuill inside 
of the timlier lining with<)Ut encroaching on the requiretl dear 
cross- Si^ct ion and without requiring any disturbance of the timber 



RAILROAD ENGINEERING 



lining. Ill tliis way the heavy expense of the masonry lining could 
be deferred until a time when the road would probably be l»ett«r 
able to pay for it. True economy requires the best of cement 
masonry. AV'hen, on account of an unintentional fall of rock ont- 
eide of tlie nominal excavation lines a space would be left between 
the lining and the line of the excavation, such fi|)ace should be 
filled with broken stone well packed in or even with concrete or 
solid masonry. 




m. Portals. Altii.mjih n<i (■i.l.-u lotions can he miwle In .ie- 
tiTrniiie llii' fiirccs ju-liiijj iiii a portnl, it is readily seen that tli^'v 
are soiiit'tirin's wit iiti-iH. as they must often jirt-vent a tendency of 
t!u) f:ife of the nionntiiin to slide down over tlie tnnnel outlet. In 
rifj. 48 is showii a typii-iil portal. These are sometimes made very 
elaliorate arfliilectiiriilly. but the leadiiiir fejiture of the design must 
l)e its Uiussiveiiess. It must act as a retaining wall against the 
ilirect action of the slojx'. If there is also a considerable stretcli 
of iipen cut at the entmnee to the Innnel, then tlie design is really 
simplilied by walls on the sides of the cut which will act as but- 
tress walla to the portal. Soirie of the most dilHcult construction 
of a tunnel may occur at the jiortals. It is here that the thickness 
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of the natural "roof" of the tunnel runs out to practii-ally zero. 
Considerable thickness is required before it will become self-sus- 
taining enough to give opportunity to place the timbering. Tlie 
surface soil may also lie so loose tliat the excavation below starts 
a landslide. Therefore a very heavy timber frame must be con- 
structed outside of the line of the proposed portal and must be 
very heavily braced to withstand a probable tt^ndency to a landslide. 
In one case a shaft was Biink a short distance from the portal; 
tunnel excavation and permanent masonry lining was at once com- 
menced, running back toward the portal. As the surface was ap- 
proached the thin roof was so thorouglily supported that no serious 
difficulty was encountered from a landslide. 

TUNNEL CONSTRUCTION. 
81. Qeneral Principles. A large majority of tunnels reipiiro 

a lining liecaiise the material through which they are excavated 
cannot l<e depended on to be self-sustaining. Except in sub-aqueous 




work, all matfrial is SLlf-siistaining over a small area and for a 
short time, a time long enough so that after a small area has lieen ex- 
posed a support even though tem|)orary may be placed which will 
prevent a fall at that j)!ace. Since there are all gradations in mate- 
rial from the hardest of rock to the softest of quicksand, there are 
likewise gradations in the methods to l>e adoptt-d, in the promjit- 
ness with which timiiering must lie placed to supjrort exposttl 
areas and also in the extent {>f area which may he safely exposed 
before tiMiI>ering Is placed. All metlKMls agree in exwivating one 
or more headings in advance of the full sectional excavation. 
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Tliese Iieadings arc sotm 
l>ottoin and suitmtiiiies at 
uf such headings is to dr 




times made at tlie top, sometimes at llie 
the two lower w>rnere. One gdod efftn^ 
lii] tliti soii ill adviitiee of tiie main exua- 
vatioii and thus facilitate the siih- 
seqiient work. These heiidiriirs 
are tlien enlarged until at last the 
fnlt sectional area, including that 
required for the lining, is oli- 
tained. The construction of the 
lining follows closely, so that in 
a stretch of perhajis less than SO 
fivt may W, seen alt etiiges of the 
work, fmni the initial heading to 
the finished tunnel coinplctely 
lined. 

82. Hethods. The liniita- 
tions of this ])a])er will not jHinnit 
itoniplttedis u'jsiouandde'K.rij 
tionof tin. \iinouh methods whidi 
u Irii H in shown to give tht 
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ing innst 1..- so designed and 
l>huvd Unit there will he lilth- 
or no tendfiicv for tin- ].iei.-i-s to 
sli[i on ciich other and that iiiiy 
added pressure will only hiiiil 
the framing still tif-hti-r lu. 



[ether 



The 
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imlu-nng si 
ept l.y ahs 



.n)d 



shonld he made such thiitil 
withstand any prohidiUi pi 
tions will illnstrute this. 
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Much of tlie difticulty of tunnel 
space in which the work must bf dom 
removing exr»vated iiiatfrial as ra]i 
handling the materials for tht^ 
liningand placing them in posi- 
tion iB therefore an absolute 
necessity. Tlie use of smiill nirs 
on rails is usually adviaaldc. 
"With a tunnel of any consider- 
able length, artificial ventila- 
tion during construction is nec- 
essary, esjHKrially if blunting is 
required. As W'fore mentioned, 
compressed air may be used to 
ojR-rate the drills for blasting 
and this may BU|ip]y the nceil. 
But where no blasting is re- 
quired, and sometimes even 
when compressed air is used, 
ventilation by fans is necessary. 



L'ork arises from the limited 
, A well-devised system of 
dlv as it is I<M)sened and of 
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The fims and engines for o[h.'i- 
ating tbem are of course placctl 
outaitle the tunnel and the 
fresh air is discharged from 
a pipe where desir..!. 
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TRESTLES. 

lr,-stle consists of 
parts, the Biib-^t 



J. Pile Trestles. 
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re friDriework and the iloor 
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ewsentiiilly inde[)endent of 

e suh-strnctiire. it will In.' 

parately descnb.tl. There 

two systeiuB of building 

titili. structure, by piling 

and by timln'r frames. 

are limited in height to the length 

ifely be used. Tlie length of pile 
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i'ci|iiirf<l imif;t itichiiit- tlu' nccesBury dcptli to wliidi tlwy iiiiiPt l>e 
ilrivcri. On tin's R^xouut 'M feet nl)ove the ground is aliont the 
liidit of Iifi<;Iit of a pile trestle. With txeeptioimlly long pilea 
higluT pile trt'stlt-a might be btillt, but frHiiied benlB would be 
[ircfiTal>Ic'. I'sunlly four piles are conaiiiered sufficient for single 
inK'k, allliough moro am sometimes usikI. Tim inner piles are 
idwiiva mtiilt! viTlical tint tlie outer piles are snnietinu-g Itattentl bo 
iiH to give the tresllc ti gn'ater resistanee against a lateral thrust. 
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l,y .Miiy lir^nni. 
lerallv ill 1-' 
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I- iliNii in U-r\ 1 tlii> tlirnst is U-st laken 
. i,ii,.si.iv.MiniH.uiil,-.I l.yaejip vhiel, is 
K>(li:ipri ]■-* • Iri in. .Vfitill W'lterforni 
wliicli eon;^ists of two piwes holliHl to- 
nil of l"\ii. r.ll. Oihcr methods of join- 
r the eiip 111 llie pileti me iHiistnileilhi-rewiili. The conalnmtion 
ing drift li.ilis is peihaps tin- ehetiji.'sl anil most quickly ereeteil, 
I U hudlliedisaiivHutu;."' llmt r.-[mirs are dillieult,nrid if tho tree- 
is merely ti'iiipunirv it is nl most iiiLjiiissiliJe In removt! it without 
iniiiir ilii- liiiiliiT foi future use. The niortist* anil tenon joint 




■it. long fur Biiigla track. The sway bnn;es are generally H X 1'' in. 
f*n(l sru usiiully Bpiked with |-iM. Bpikt*s 8 in. lun^. 

I. Pile Driving. Pilea are usually driven by means of a 

liiammer weifrhjug a,0'JO to 3.000 poun.is, wliii-li is raia.-d lielween 

^gnidee tu a height of perhaps 25 fe»t and allowed to drop onto ihe 

bead of the pile which ia suitably set between the guiilea. A very 

ehmp way is to raisu the hammer by horse power, and then luosi>u 

sclntfh which allows lht< hammer to fall freely. A still In-tler 

' is to use H ])ortftble engine whieh winds the hoisting rope 

rvuud a drum, bomelimes the falling huuiuier is required Co 
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tlit^ ro[ie and unwind the drnin as it falls. On tin* une Land 
iviales tlieii^' of a Hutch and fven perniils iiion.' rapid blowB, 
I till- iitlitT liiitMl llio foree of each hlovv is very materially 
weakened and the method may he used 
hy a dislionest tontractor to falsely in- 
dicate a hiiih resisting power of the pile. 
Kxcessive driving Las been known to 
fraetiire a pile nndei^rcmnd and render 
it almost useless. The action of the 
Lanmier eplintera the top of the pile, 
winsiiig it to "broom." This action 
ver\- greatly rednces the effeciivenesa of 
th(i driving. This is largely prevented 
hy chamfering off the top of the pile 
and driving on a wrought-iron ring, 
whicli has a section of aliont ^ X 2 in. 
and of a suitable diameter. The fre- 
ipient rettidvrd of all crushed wood from 
the head of the pile by means of an adze 
i.-^ amply juslitiable in spite of the delay 
cinised." Piles bIiouM be driven until 
lln'ir rcsirflance as irnlieiitol by the |)eii- 
s IIS irii'iit us is reijiiireil. The most com- 
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H U the penetration in indios uF tlm pik^ during tlio last blow. 
Soitietiines the average penetratiun during the last five lilows will 
give nniore reliable value. 

J'^.nnnjih 1. A pile was driven witli a 2.500-II>. liamnier 
until the total pentitrHtion diiriiii^ llie last iive liluws was V:\ inches. 
Durintf those Mows the hammer dropped :i;{ feet. How much in 
the BftTt* load ? 



1" 



■X ■/ 2.r)(l(> y 2;i llo.dOO 



i;i» 



;i.i> 



;tl.H-14 jM.unds. 



F..i-'iii'iih- 2. Il isivquired to drive piles with ihealwve haiii- 
iner until the indicated r.-wiHtance is 2o.(l(H) lli. Wlnit t'liould U' 
tlie averHi,'e [K'nelnititm during the last live blows, the Tall l)eing 
then -li feet ; 




Another f<)rni of pile driver in 
driver." This eonsist^ essentially 
of a hanitiier wJiieh is directly at- 
tached to a piston in a steam cylin- 
der. Tholianiiner, weighing aliont 
O.oOO pounds, is i-aised tho height 
of the cylinder, which is altout 40 
inches, and then fulls frilly. Al- 
though the fall is so much less tho 
Mows ai^e very rajjid -ahout 75 to 
SO per minute. The practical elfeet 
of this 19 that the soil does not havf 
time to settle In-twi-eii tlie Ijlowa and the ]« 
arcomjilished, wliilo tlie ullimate resistance is as great a 
Oil this account the constant '• 1 " in the denominator irj i 
5:2 is changed to O.l and tlie foniinla then heeomes 




ration is more 



Iiefi>re. 
ipnition 
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FRAMED TRESTLES. 
85. tieneral Form. Although tLere artt iii»)titiidinoiisvari> 
atioiiB in tliB details of construction, a very large projtprtion of 
fntitiM trestles Art* eoiistnicte<l snhstantially in sccordanc-e with 
the typical design shown id 
Fig. 61. Tlieoiiter posts are 
generally ha tte red about 1:0; 
the cap and sill are mortised 
to the posts, although s]>lit 
Bills and caps can be used ad- 
vantageously. Tiie sway brac- 
ing should be bolted on. Al- 
though the mortise and tenon 
joint are most coinniouly 
used, there are many other de- 
signs. The "plaster joint" 
is one of tint inoet cuniinon. This consists of two pieces of S-iu. 
plunk wliii-h are jiliiced on each side of the joint as in Fig. 62, and 
are lioltcnl through and through. This form has the merits of 
(-lu'apiii'ss anii ftu-ility for taking out and renewing any decayt^ or 
injuri'il uifvi'. Iron plutt'Siiri.- suuiftinii'S iistHl in asiniikr inimncr. 




KIk- 61. 



ii'Utijiii'd liefore 



ngle-Btory framed 



Dowi'ls iiiid ilriri holts iire iilso us.-il. but I 

86. Multiple Story Construction. A 

tri-stJ.' sliiiiild ni>t h<- made over 
2:, or ;■}() fwt liit;li. Aikliiii>iii»l 
height i^i.l.liniKtlln-dinilinfjtlie 
lifijfht inlu two or men' storiey. 
Then H.Kv^ill 111,- up|«Tt;torif^ 
imist l.e<.f uiiifona lu-iglit ih,- 
ixhi amount ujust go to iln- 1o\v<t 
stiirv, as iK illustrated in l''i>^s. 
I))! and M. Home plutis liavt: 
thfse^lorH'Sabsohit.'ly imU-pemlenC «f t-iich other. This sintplities 
the CO Mst rue I ion aiid ujakes rejwiira eiiwy, but llie tri'Stle will be 
lacking in sliffness. These illustrations should be studied with 
speeiiij reference to the design of the lateral bracing of the indi- 
vidual bents and also the longitudinal bracing of the trestle as 
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a whole. Note that the lateral bimtiiig always rune tusuiuti |H)int 
wlieiB two nr more pieces intersect, and when posBilile it ia ao 
designed llinteveii the intermediate points are a couitnon point for 
si'veral pieces. A thorough bolting at tliese points {jreatly stiffens 
the Btructitre, The span between the bents 
varies from 10 feet to 18 feet For high 
trestles economy requires that the number 
of Ijenta shall be i-ednced as much as possible, 
which means that the spans should be in- 
creased. Unl this increases the requirements 
for the floor system, and also the load to be 
carried by eacli t)ent. IH feet is abont tlie 
safe limit for railroad rolling stock on nn- 
trnssiHl wmidfii floor l)eanis. 

87. Foundations. Trestles are frv- 
qneiitly to Iw classed as " ternjiorary*" striic 
ttires, Such will justify tliense of 11 founda- 
tion of a more temporary character tiiau 
could l)e tolenitetl for permanent work. 
When time is intportant and the groujid 
8oft> piles are sumetiines driven and sawed Ki^;. lii. 

off a little above the ground. They are so 

placed that a pile comes as nearly as possible under each post of 
the trestle. Of course eiich foundations must be considered as 
very temporary in character, as they will speedily decay to such an 
extent as to render them unsafe. Locust or chestnut are prefer. 
able for this pnrpose. 



Fig. C4. 

Aiiother form which ia even easier to construct, hut which is, 
if possible, still more subject to decay, is the " njiid-sill " fonnda. 
tion. The sill of the trestle ia get on a number of timliers placed 
transverse to the sill, the timbers being about 12 X 13 in. X U ft. 
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Fig. Go. 



If llie trrouiid is v^ery soft even these timbers may be set on two or 
more loner timbers, laid parallel to the sill, as shown by the dotted 
lines in Ficr. 00. 

WluMi the trestle is intended as a permanent structure, and 
especially when it is intended to ultimately replace it with a steel 

viaduct, a stone foundation 
may l>e used. If built of 
rough rubble the wall shonld 
be about 4 feet thick. If 
the masonry was of a better 
class the wall need not l>e so 
thick, but the cost would l)e 
about the same. Usually a 
single continuous wall would 
be l)uilt, but if the trestle is very high the usual batter adopted for 
the side posts will make the sill very long. With some designs of 
trestles, depending, however, on the plan of the posts, it is per- 
missi])le to save some masonry by omitting portions of the wall 
between the center and the ends. 

88. Abutments. At each end of a trestle the natural sur- 
face usually a|)|)r()aches the grade line by a slope. If stone founda- 
tions were built for the luMits, then 
stoiie abutments would ])e built 
which would act as a retainintr wall 
for the last few feet of rise and 
which would su|)|)ort thelast string- 
ei's. When piles are used an abut- 
ment such as indicated in Fit{. (n 
is used. AVhen no ])iling is used, 
an abutment may be made in tlie 
form of crib work. Sometimes one 
end of the last line of sti'intrers is 
nuTclv buried in the earth or is 
su|)|)orttMl on a** mud sill/' Of course, all of these latter methods 
should be considered as tem])orary. The danger in them lies in 
the chance of these ])laces being neglected and the decay unnoticed 
until the decayed timber suddenly o;ives way and a costly accident 
is the result. 
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TRESTLE FLOOR SYSTEHS. 

89. Stringers. The desiirn of stringers de[)ends somewhat 
on the cost and practicahih'ty of obtaining timbers of the lengtli 
and thickness that theory would call for as the most economical 
size. Sound timber of the required length, and more than 10 or 
17 inches in thickness, is scarce and corres|)ondingly costly. The 
re(jnired transverse strength for stringers is, therefore, obtained by 
taking as large pieces as inay l)e readily obtained, setting them on 
edge or with the largest cross-sectional dimension vertical, and 
then bolting two or more of them together side by side. Two 
timl>ers, each 8 X 1<> i»., bolted together side by side with the lO 
in. dimension vertical, are practically as strong as a 10 x 10 in. 
timl)er, and are very much 
easier to obtain in a sound 
condition. These strini;. 
ers should preferably ex- 
tend over two spans, the 
lines '* breaking joints." 
This requires ])ieces from 
20 to 32 ft. in length. The 
pieces of each line should 
be separated by "' separat- 
ors," which are sometimes 
cast-iron spools, 1 or 2 in. 

long, which are strung on the bolts, or are sometimes made of ])ieces 
of plank about feet long. Bolts are run through the stringers and 
sejiarators. The plank separators thus serve to tie the consecutive 
stringers together. The chief object of the separators is to permit 
air to circiriate freely around the timbers. Placing the rough 
sawed timbers side by side would allow water to soak in and be 
retained, so that decay would be very rapid. The design of 
stringers is susceptible of exact calculation for the transverse 
strength required, but as this is a direct application of the subject 
of .'* Strength of Materials," the method of design will not be 
elaborated here, except to call attention to the fact that the 
stringers must be designed to withstand not only transverse 
strains, but also shearing and crushing across the grain where the 
stringer rests on the cap. A very high and narrow stringer might 
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have sufficient transverse strength, but might be so narrow that it 
would fail by shearing along the neutral axis. The same stringer 
might also have such a small area where it rests on the cap that 
the safe limit of crushing across the grain might be exceeded. 
The safe values to be used with various -kinds of wood for these 
various stresses may be found in many handbooks. The following 
dimensions have the approval of very extensive practice: 



Clear si)an. 



10 feet. 

JO a 

14 '' 
IG '' 



Number of pieces 
tinder each rail. 



2 
2 

fi 



width. 



8 inehen. 

8 '' 
10 *' 

8 •' 



■ 


Depth. 


15 


Inrhes. 


IG 


1 1 


17 


it 


17 


a 



90. Corbels. A corbel in a trestle is the name applied to a 
timber placed on the cap of the trestle bent and on which the 
stringers rest. The argument in favor of their use se^ms to Ije 
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lliat tht'V (xrt*atlv iiicri^ast^ tlie area of pressure on the seat of the 
stringtT. Thry can also he ulilized lo bind too;ether two abutting 
striin'-t'i's. ])Ut altliouirh the crushintj of the end of the strincrer 
may be juvveiitt'd, the area of contact between tlie corbel and the 
caj) in list be considered, to determine whetlier crushing might 
occur th(Mc. There is givat diversity of opinion regarding their 
use. irany standard designs do not use them. 

91. Guard Rails. These are timbers varying in size from 
fj X 8 in. to 8 X 8 in. which are ])hiced near the ends of the ties. 
They are usually notched a])oiit 1 inch at each tie so that they 
really form tie spacers and thus ])revent the ties from becoming 
displaced if a car becomes derailed on the trestle. They should 
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l>e Ixiltvil to the ties at every third or fourtli tie. There are vari- 
ous methods of jointing the ends of abutting pieces. The method 
shown in the figure is j)erhaps as good as any. 

Tlie name guard rail is also applied to the inner guards which 
are placed about 10 in. inside of each rail. These are usually the 
ordinary T-rails used for traction. These rails are relied on to 
keep the cars on the trestle if they should become deraile<l. If a 
car should become so displacea that the wheel reached the outer 
wooden guard rail, it would ])robably catch on it, slew around and 
jump over. Therefore the sole function of the outer wooden 
guard rail is to keep the ties spaced and in place. 



OUTef\ uuARo haiu 

INHEA CUAHD flAiU- 





92. Trestle Ties. Tn*stle ties are always made of sawe<l 
timl)er. They are longer than ordinary ties usually!) to 1:3 feet. 
The depth is fre(juently much greater, with the apparent idea that 
they may act as a flooring that will support tlu^ rolling stock if it 
should iKH'ome derailed. For a similar reason the spacing is nuide 
very much closer -generally npial to or h*ss than the width of 
the ties. Sometimes evtMi the ties are notche<l on the underside 
where they rest on the stringers. Some plans havi» a stringer run 
under each guard rail. TIkmi bolts will be run through the 
stringer, tie and guard rail at evt^y third or fourth tie. If the 
ties have Invn notched down on ihr strimrers an<l tin* iruard rail is 
notched down on the tirs. tluMi thrsr bolts will tic tlir wlioh* sys- 

ft 

tern immovably toi^rtln-r. 
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93. 5uper-Elevatlon of the Outer Rail on Curves. IxK-al- 
ing a ourve wherti a trestle id also iitvcessarv, is in ^tmral vitv 
objectijiiable, but it is sonietimea unavoidable. Tlie objuctluii 
lies not only in the fact that a very coiiBiderablti fort-o is rcqiiinil 
to friiide tlie train in its cirt-nlar path, but the force is varialile, de- 
jRMitlin^ on the variable s[)ee(J, and there are apt to Ite oscillations 
of unknown force which will still further rack the trestle. Nev- 
ertheless these forties must be provided, for as closely as jx)Sriible. 
If all trains moved along the trcstlw at jirecistsly the same sjietnl. 
the problem would Ije comparatively simple. The whole fl<Kir 
system could l)e designed to resist the thrust due to the forces devel- 
o[)i-d at that B[H'e<l. But since the sj)eed may vary down to zero, 
and the train slnrt froi'n rest while on the trestle, which of itself 
will introduce new utrains, the construction which is best for the 
hiirhest speed is nut thtt 
Ivst when the train is stand. 
iiig on the trestle, or when 
it is starting, and vii;' 
rr,vi. A few of the inaiiy 
igns which have l»ei*ii 
,1 will 1h.( illnstrateil, to- 
«-ith a bri.-f coni- 
tlu! advantages and 
itages of each de- 
sign. The reipiired super- 
elevation of the outer ruil 
and the method of com- 
puting it will be discussed 
in ibe chapter on track 
woi'k and track laving. 

,.-, luri:,,;,:,, f..,..- 
■■'!•; 




:clhe 






is more (■(unpHcati'd, li 
Since the stringer 
them to twist wh.-n tl 
(7,, J-I....;„.j .>:. 



n of the trestle In-iits 
system li simplified. 



/■. Tilt- conslructii 
L that of the Hoor 
.lo not atiiiid vertically there is a tendency for 

i wlalionarv. 
,/■-,/;/,« •„../. r thr C'.s ul ,,/.-/, /;,.. Two or 
eqliin-d for each tic. Kacli wedge is boltwl by 
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•"WO l)oIt8. The miinl)er of pieces is very f^reat, l)Ut there is tlio 

ndvanta^ that the ties are not notched or weakened in any way. 

If for any reason a different 8n])er.elevation is desired the wiMlc^es 

are all that need l>e chancred. 

(r\ l^l4(rft/f/ ff fn-f/f/e tntf/rr f/ir oft/r/' n/i/ iff rtff'/t t'n. This 

18 similar to the last meth- 
od, but re<]nires fewer 

pieces. If the su|)er-ele- 

vation is slight, either 

very long spikes must l>e 

used or lag screws uiay 

Ix) used which will run 

through tlie wedges into 

the ties. For a grt*ater 

super-elevation the wedge 

must be fasteneil, as shown 

iu the illustration. 

{<[) C '(n'hvh of conj . 

iiHj heujht. Tlie whole 

floor system is tippe<l as 

iu //, but the trestle bent 

is as usual, with cap and 

sill horizontal. In all such cases, where the axis of the post is 

vtfrtical, the lateral hracing of the hent should lie made extra 

heavy, it should he especially 
noted whether the center of pres- 
sure under extreme conditions 
reaches the sill too near the 
outer en<l of the sill. 

itH its fintinhfffnn. The ad- 

vantai^es aii<l disadvantata*s of 
the method under some cinidi- 
tions are obvious. 

{T) T^nfrli'tiHj tin- r<i p. The 
m(»tliod is mentioned on ac- 
count of its fnMiuriit u?^<\ but the disadvaiita<j:es aii^ verv irn*at. 
The can i^ weakenetl bv llu* nolchino;. Kitlu'r the striuixer or the 
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tie must he notched at each tie. Usually the tie would lie hope- 
lessly weakened if it were notched sufficiently, and, therefore, the 
stringers must be notched. The method is costly in construction 
and objectionable when made. The above methods are types of a 
great variety of plans of construction which have been suggested 
and tried. 

94. Protection Against Fire. One of the strongest objec- 
tions against the use of trestles is the danger from fire. Sparks 
from the locomotive or wayside fires kindled by tramps and others 
may destroy them, or, what is still more dangerous, may slowly 
eat into the timbers until they are weakened beyond the danger 
line, and yet, because the effect of the fire is not apparent to a 
careless ins|K»ction, it may result in an ap|)alling accident. The 

danger from falling coals from the lo- 
• ' comotive firebox is largely obviated by 

constructing a solid floor or trough on 
the stringers, the trough being filled 
with ballast and the ties set in the bal- 
J last as usual. Another method is to 
cover the stringers and caps with sheet 
metal. A very long trestle generally 
deserves the protection of a s[)ecial 
watehnian or track walker. Means for 
iitrliting a lire when discovered are j)ro- 
vidi'd byivscrvoirs of water, made perhaps from halves of oil 
barrels, which are jilaced on the trestle at intervals of 300 feet. 
Three or four ties are made about i feet lon<rer than the usual 
lenj^tli. These form the fioor of a ])latform, which, when provided 
with a railintr, forms not only a ])lace for tlie barrel, but also a 
refuire bay for tlie track walker, who may be on the trestle when a 
train is passiiio;. 

95. Choice of Timijer. When a railroad is being run 
tliroutrh a vinnn country where timber is ])lentiful and there is 
frtMjuent occasion for trestles, it ])ays to take a ])orta]>le sawmill 
to the spot and saw tlie timber as re(juired, Tnder such condi- 
tions any one of tlit^ various kinds of timber which are ever used 
for buildino; ])ur poses will answer. If necessary, the cross- sec- 
tions can l)c increased to corres[)ond with tlie reduced strength of 
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a weaker wood, fiut wben the wood must be transportinl a con- 
siderable distance aud it is practicable to choose among various 
kinds of wood, the selection should be made according to favorable 
qualities. Ties bnd guard rails should, if possible, be of oak. 
Stringers should be made of oak or pine. Since one of the chief 
uses of corbels is to relieve a dangerous pressure across the grain 
they should be made of the hardest wood obtainable, such as oak, 
hickory or ash. The bents of a framed trestle may be made of 
almost anything, but oak, pine or fir are preferable when obtain- 
able. If the sills are liable to become buried somewhat in the 
ground so that rain will not readily be shed, then some wo(k1 like 
cedar, which is very long-lived under ground, might be j)referable, 
but the strength as posts will be somewhat less than that of oak. 
The chemical treatment of timber for trestles is seldom used, except 
for trestles which are partly immersed in water where the A /wA/ 
navaliH is found. Trestles are usually considered to be so cheap 
and temporary that conditions which would justify the additional 
expense of chemical treatment would also justify tlu^ immediate 
construction of a permanent structure of steel or stone. 

On the accompanying folding plate is shown the standard 
plans for a framed trestle as adopted by the (ireat Northern Rail- 
road. Many of the details shown will verify those already nien- 
tioned, while in other cases the variations in detail represtMit prac- 
tice equally good. The plate is well worthy of a long and close 
study. 

CULVERTS. 

96. Pipe Culverts. The scarcity of stone suitable for mak- 
ing a "box'' or "arch" culvert has led to the adoption for many 
localities of pi[)e culverts, the {)i[H'S being made of tile or iron. 
Pipes have several very great advantages. Their form is hydraul- 
ically l)etter than any rectangular form and the surface is usually 
very much better than an ordinary masonry culvert. Therefore 
they will discharge a far greater volume of water than a box cul- 
vert of e<|ual area. They are very easily placed without skilled 
labor. Sometimes they are set inside of a wo<Klen box culvert 
temjK)rarily placed during the construction of the road. When 
one pi|>e of the size which it is desired to use has insufficient area 
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Iwo or more ]ii[)t^H nmy 1)e iibmI Bide by side. Tliia ft^atllr« is uf 
RjH'tiial vhIiiu when the Iiuad room Ix^twiwii tlm Ih**! uf tliu stream 
and till! ^radtt line is limited. Iron pijx) iisimlly hus siicb itiliereiit 
stri'ii^th timt there is little need for sjtecial care in seciirin<; a 
foiindatiun for the ptjie. A little bloek of concn.-te at end) joint 
is sufficient for ordinary cases, but tile pipe reqiiirt's a secnre 
foundation. 

The daiitrer to the pijie does not lie so much in the mere 
siatie pressure uf the earthwork embankment above it as in the 
ellect of settlement of a "given " einlwnkment. if the pijte is 
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,-d should K,.v;irefully scooped out -o a-, to ht the pip as dosely 
HS |M>s^siiJe. A b,-U,-r 'pli"i i^ to plue i thick hiyer of broken 
stone or liriekl>:Ltfi ;iud miii iliein to tlu p'op" form as a bed for 
the l)i|H'. A mill better jiluri is lo pint, i hm r of concrete under 
tiii- wliole U-uiXlU of tlie pi]K'. llie i<(|iiired t>lope of the pi] k.- 
d.'iH'iids .-^i.iiicwli;il ou the ae('uri<\of thi ItMii^ Htid on the {ht- 
iM;ii]e[icy rif tlu- work. .\ sh)pe of I pt r it iLt is ample, provided 
the irrade he made iiud lUHiiilaiiu'd nnifonii. but the effect of sel- 
th-tiient iiiiiy he U. i-h;iii^e sucli a ^rr;,,!,. (,, -i m-irative grade, which 
w.iLdd iirevnii the ualrc from l.fiu^ eai-rie.l olf. Some stuiidanl 
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of the pijKJ there should be a substantial liead wall of masonry. 
Soiue standard plans make this wall very large and heavy with 
elaborate wing walls. These are justifiable on the (^rounds of pre- 
venting the water at the up|)er end from scx)uring around the ends 
of the head wall or of preventing the outflowing water from 
scouring away the bed of the stream and thus undermining the 
lower head wall. 

All iron pij)e can be used if necessary very close to the ties, 
but a tile ])ipe should have a cushion of at least three feet between 
the tile and the ties. The joints in the pi|)e should always be 
caulked. Clay puddle is much used for this purpose and when it 
is of good quality and the work well done, the results are satis- 
factory, but if clay j)uddle cannot be obtained it is better to use 
hydraulic cement. The cost of the cement is an insignificant item 
. considering the value of the result. 
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Fig. 78. Old Hail Culverts. 
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97. Old-Rail Culverts. Tbese liavi- an especial vahu^ when 
the head room between the bed of the stream and the rails is 
small, and when it is also necessary to provide for a considerablt* 
flow of water. The old rails, even when worn out as rails, still 
have a considerable strentrth as trirders and a continuous laver of 
them is amply strong enough to carry the roadbed and the tratlic 
over a si.x-foot openintr. The rails mav be bound tom»ther by 
means of tie nnls run throutrh the wel)s of the rails, but thev luav 
also l)e conflned by stones at eaeh end of the seat course on each 
al)utment. 

Another a<lvantam* of this form of oiKMiin*;, over the com- 
mou plan of supporting the ties on stringers or steel girders, is 
that in this ])lan the balhiste<l roadlied is continuous. This is a 
Ureat advanta<f<' l)oth from the standpoint of smooth ri<liniX '^"d of 
safety. 
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98. Cattle Passes. When an embankment crosses a farm, 
cutting it in two, it becomes necessary for the road to provide a 
])assage way through the embankment for the use of cattle and 
farm wagons. The cost of such a structure is compensated by the 
relief of the company from damages due to the cattle crossing the 
coad at grade. These 0|jening8 are sometimes built as large stone 
arch culverts or as old -rail culverts, especially if there is liable to 
be a storm -water flow throut^h them. Another method is to set 
two trestle bents at the requisite distance apart; 3-inch planks are 
set behind the bents to hold the earthw-ork embankment; the 
stringers are notched down so as to take up the thrust of the 
embankment. This method naturally applies to embankments 
which are from about S to 15 feet in height. The disadvantage 
incident to all wooden structures set in earth also applies here. 
There is also the disadvantage of a break in the continuity of the 
ballasted roadbed, as well as the danijer due to an accident from 
fire destroying or weakening the structure. When the head room 
is limited, a first-class permanent construction can best be obtained 
by the ''old-raiT' method or something similar. 
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PAKT II. 

MISCELLANEOUS STRUCTURES. 

99. Water Supply. The railroads of tlu» country sjhmmI 
over $<),000,00() per year in supplying water to tlieir l(H*oniotives. 
Part of this expense is due to the fact that a bad (juality of water 
is so injurious to a locomotive boiler (as well aa renderincr it dilK- 
cult .for the l)oiler to steam properly) that the added expense of 
procaring a suitable supply of naturally ])ure water or of purify. 
ing an impure supply is amply justified. A natural water supply 
is always more or less charged with calcium and luatrncsium car- 
lionates and sulphates in addition to impurities of almost any 
nature which come in as the refuse from factories, etc. ISonie of 
these impurities are comj)aratively harmless, especially if the 
quantity is not large. But the evajK)ration of the water ])recipi- 
tates the calcium and magnesium, which form deposits on the 
surface of the boiler. 

These deposits are injurious in two wiiys. In the first j)bice 
the transfer of heat from the lire to the water is less free an<l 
there is thus a waste of energy, and in the next place the metal 
1>econies overheated and perhaps *' burned." The safety of the 
metal of a l)oiler de|Hmd8 on the free transfer of the intense heat 
of the iire to the comparatively low heat of the water or steam. 
The prevention of these deposits may be acconiplislicd in one (or 
l)oth) of two ways; the" frequent cleaning of tlu* boilers tlirough 
the manholes and handholes provided for tlie purpose, and by the 
mow or less perfect, purification of the water before it enters tlie 
l>oiIer. 

The location of the water stations must beat such places antl 
intervals as the service demands. There must always be a supply 
at the extremities of each division and usually at intervals of lo 
to )20 miles l)etween. Of course these intervals are varied accord- 
ing to the h)cation of convenient sources of sup|)ly. The fre(pient 

Copt/rxt^itt liWs,bu Amrriran Srhnot ol Corrfmnintlcncc. 
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i^rection of mniiicipul plants for water supply even in stiiall 
Lab led to the ntilizatiou of such plants, siuca a Biiitaljie . 
for domestic use would be satisfactory for boiler use, nnd sinwi 
reasonable cliargo to sufli a larfje consumer would generallv Iw fuj 
less than the cost of iiiaiatainiiig a separate plant. In default o 
BUcb supplies, a convenient intersecting streatn, especially wb« 
combined witb au existing but ]>e rl i a pa abandon etl mill dam wliicbl 
will form a convenient storage reservoir, may be utilized. If thav 
Btreaui passes through a limestone region, the water may l)ecome'l 
so thoroughly impregnated with calcium eoiupounds that a purify- f 
iug |)1ant will become a necessity and then theiv may arise the4 
queation of a choice l>etween a conveniently located station with a-] 
necessary purifyiug plant and a less couveuient location but n 
ural supply of purer water. 

The chemical purification of water for railroad purijoses basi 
become a s[)ecialty and must be studied as such. Of course no 1 
attempt is made to produce chemically pure water as that would 
be unnetressarily costly. The reagents chiefly employed are quick- 
lime and sodium carbonate. The lime precipitates the bicarbon- 
ate of lime and magnesia iu the water, tiodium carbonate givea^l 
by double decomposition in the presence of sulphate of lin: 
carbonate of lime, which precipitates, and Boluble sulphate of Boda, 
which is non-incrustaut. The precipitates settle to the bottom t 
the tank arid are drawn off while the purified water is drawn from 
the upper jiortion of the tank. Such purification may be i 
plislied for a few cents per thousand gallons. Still another method] 
of preventing incrustation in the boiler is to introduce directlv into 
the water tank a "nou-incrustant " which, as its uameimplie 
so change the composition of the impurities that they will settU 
harmlessly and may Iw readily blown out. 

J'limplnij. Except when water is obtained from a mmiicipi 
water supply it must be pumped into a tank or reservoir wbickg 
usually placed with its bottom 12 to 15 feet above the rails. 
pumping may be done with a wind mill, which is very cheap \ 
unreliable, or by an ordinary steam pump ojierated by a boiler ( 
with coal, or by a gasoline engine. The last nietluxi is becomiq 
very jHjpular. as the pumps require but little attenlioii and theo 
of operating them has been found to be as low as one-third o revi 



! i 



'CLIBRART 






RAILBOAD ENtilNEEltING 



"^ 



omt-FDurdi of ihr cust of $>*m |ntu{)in^. AimI tliis is tnif iu 
spite of the brt that a nilnad oa bsiuUIt delin-r slack omI tw- 
Evrevuings at a pnnip buDaealooe tb« HtM* of thi? nml at a coet (hat 
mar, nut excvt^l '^ cvots per too. The eo^ nf pumping to a track 
lank will nsnally mn at from wnts to *i c*-nts [•■r I.IWI galkini'. 

T'luki'. The coueimctiou of ibe piping from a tank rimI evi-n 
of the tanks ihvin^lvi^ bag liM.'onie a ^pM-ialty tt_v iiianu fart u ring 
timiB who na make and nAX 
thi^m mnrfachrapertiian niav 
Wdonelija&y^bome-nuulf" 
iiK^lhod. iiDil, tbervfotv. the 
clt'lails cif inanDfartnrv n«T-J 
not Ik- htre Oi^-nsstJ. Tlif 
tank iKU&t l>e Bo pla»^d lliai 
its ui«rt«t face 13 a)>oiil < 
ft-et '{ inches fnjm tlit^ trai-k 
(.vnter. VTlirn one tank is to 
et-rvB several traiks or wlien 
till- snpply ie laki^n fnirn ii 
filjf iraterworks. a "staud- 
piptj" 13 uefeaaary- Tliis 
coiisiata eescntially of an ii|i~ 
right pipe wLicli etntuis 
about 14 feet abnve tlie ' 
ground wliere it hna n hoii 
^toiitalariTi alniut 7 feet li'ii^. 
Tliia elbow may l>f Inrind 
BO ihat the anil is either |hii'- 
allel or perjiendiMilar to llie 
trai'k. As sliowii in Fig. 7"). 
the valve mechaniEin in bur- 
ied underground and the roof 
of the pit is proleeted po thwl frwuiiig piliidt he uliviiiii-d. 

Tntrk I'lmls. The denianda for bigh speeil re.jiiiro tbiit long 
nine shall ho made williont a stop cvt-n for wuli-r. Very long 
runs can only Iw made by taking on wiitur wbile in motion from a 
track Uiik. Tin-Be liave n length of l,^(H> lo l.fiOO feet and mnitl 
b« laid on a stretch of ]>erfectly lovol track. A large iUini in tlm 
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ux[)e]isi' of itiBlalliiig siii-b a plant la the coBt of tbe re-gnulin 
which is usually iieueBsary to luakt) the track perfectly luvol. 
the ties and niidu-ay betwt-en the rails is a tank almut 10 incheal 
widt', inches deep and as long as desired. This trough will liel 
made of yS,-ineh steel plate, slitfened and reinforced with aiiglef 
Imi'B. Snub tanks can only If nsetl by engines which are pruvidodfl 
with a scoop on the tender which is lowered at tlie" proper tiiii 
The high e\wvt\ cjinses the water to rnsh liito the scoop with pnchi 
velocity that it is easily carried to the top of the leader pijie and I 
over into the tender tank. An inclined plane at each end of tlit»l 
trongh automatical ly raises the scoop and when raised it is anto- i 
niaticallj caught and held so that there is no danger that the scoup.l 
shall catch in anything on the track. To ])revent the water fromf 
freezing in the winter, steam jets should Ije blown into the water! 
at every 40 to 50 fei«t of its length. The steam required for tliia 
may be many times as great as the stettm ivqnired for piiiii|)iiig. I 
The cost of snch an installation will be upwards of $ll),U()0 and 1 
the annual exjiense about $1,5()0. Uf course these ttgurea will I 
vary with the circutn stances. 

loo. Turntables. Tlie turntable proper ia an example in'i 
structural engineering which is now almost univei'satly made of I 
structural sttn-l in shops which make such work tlieir specialty.) 
Tlierefore no discussion will he given of the table. Bnt the tablog 
must 1)6 supported on a pivot which must have an adequate foun- 
dation which must be able to support a load of perhaps HM tons. I 
The table revolves in a pit which is say 75 feet in dianiet«r and 1 
which must have a retaining wall about it. Iinmediatety iusidel 
of this wall is a circular track ou which rollers on the under eidel 
of the turntable may run if the toad is Eccentric. !Siuce this load J 
ou the rail may be large it must have an adequate support. 

If the turntable must be located on what is originally sloping] 
ground, the masonry njay need to lie (juite deep and heavy, BiQceJ 
the foundation for the pivot should be especially tirm. If tb«| 
subsoil is not self draining, it should be thoroughly drained by a 
thorough sub-drainage and the pit should hu drained by a pi|>el 
leading to a suitable outfall. A turntable is usually located ae a 
adjunct to a roundhouse, but in any case the location should 1 
made so that the switching that must be dune before and afte 
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using tile tabV shall lie iimdi- a iiiiuiiiiiiiit. 'Hit- lovulioii of tlie Mini - 

table in tlie yard is an item in tlie subject of Yarde and TerminalK. 

loi. Coaling Stations. The ttist of removing aslies from 

the ashjMin of a Icx-'omotivc to a suitable (lumping gronnd and of 
supplying tliu tender with coal may amount to a very considerable 
item unless epet-ial facilities are devised fordoing tlit? work cbea|jly 
as well an rapidly. Such facilities are especially necessary when 
the nuinbiT of locomotives to l)e taken care of is very great. As 
shown in Fig. 70, the ashes are discharged (llreetly from the ash- 
pim to H hupjM-r, frmii which they are discliargtHi into a convei'or 
which imsses over an overbeiid bridge, to a jilai-e where the bnck- 
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ets are discharged directly into a goiulohi car p!a<^ed there ivndy to 
receive them. IJy a similar jiroeeHS coal is brtmght to the itUnt 
in gondola cars which dump at the Utttum, dumping their load 
into a conveyor (see Fig- 77|, wliieli carries the coal to the top of 
the coal hill. From the bin it may l>e disdiarged directly into the 
tender <ir into a conveyor ear wbii-h will carry it to a locomotive 
standing on another track. 

Fig. 7S is a general view of llie plant shown in detail in Fig. 
7(1. It was erected hy llie Link-I!e!t F-iigineeriiig <'o.. and while 
the details are peenliar to that company's work, it may he consid- 
eifd as illustrative of llii' general inethtxl. 

loa. Engine Mouses. On very small roads, where the num- 
ber of eiiginca to be housed ut any one place will never exceed five 
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or six, a rectangular engine house with two or three j)arallel tracks 
is the cheapest form of construction. But as the nunilnM' of 
engines to be provided for increases, and as space grows more 
vHluable, the ''roundhouse" is preferable. Considering the space, 
tracks and switches required to run a large number of tracks into 
a rectangular house, the roundhouse will accommodate more 
engines in proportion to the space required. A turntable is a 
necessary feature of a roundhouse, but since a turntable would 
naturally be located at any point on a road where an engine house 
was required, the cost of the turntable should not be considered 
as an integral part of the cost of the roundhouse. 

Engine houses are used for the minor repairs which contin- 
ually form a part of the maintenance of any locomotive. There- 
fore a j>ortion of the tracks should be provided with ''pits'* or 
sjMices Ixjtween the rails in which work may be done under the 
engine. The outer walls are preferably constructed of masonry, 
although wooden structures are not uncommon on cheaper roads. 
The roof framing should j)referably l>e of wood, as iron trusses 
deteriorate very fast under the action of the gases of combustion 
from the engines. The effect of this is prevented as far as possi- 
ble by " smoke jacks," which are chimneys sus{)ended from the 
roof so that they are immediately above the engine stack when 
each engine is j)laced where designed. The lower paj*t of this 
chimney is made adjustable so that it may come down closely over 
the stack. The smoke jacks are variously made of galvHnize(l iron 
(Very short lived), vitrified j)ipe(too brittle), cast iron (very heavy), 
ex{>anded metal and concrete, and even plain wooil painted with 
''fireproof" paint. The floors are best made of brick; cinders 
are cheap but objectionable, wood is tolerable but lacks. durability, 
concrete is almost an extravacjance. Considering that the lartjer 
roundhouses may contain locomotives worth several hundred 
thousand dollars, tire protection is an imj)ortant feature. One 
means to this end is the use of rollintr stet*l shuttles instead of 
wooden doors. In Fig. 7i) is shown some of the details of what 
may l)e considered a typical roundhouse. The figure will illus- 
tnite many of the ])oint8 named above. 

103. Cattle Guards. The prevalent opinion that a railroad 
company is responsible for the death or injury of any cattlt* which 
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very fruitful source of accidents. This form has, therefore, l)een 
definitely abandoned for -'surface" ciittle guards. 

Two forms of these are illustrated iu Figs. SO and 81. The 
variations in the surface adopted are multitudinous. Usually they 
are made of iron, sometimes of wood and sometimes of some form 
of tile or cement which is not subject to decay or rust. Any form 
must have in addition the fences extending from the sides of the 
right-of-way up to the ends of the ties. These fences will Ik; 
'^ headed " by a short guard fence, as shown in the left of each of 
the figures, which will prevent cattle from stepping over the end 
of the fence. 

TRACK AND TRACK WORK ilATERIALS, 

104. Ballast. The ideal ballast must transfer the applied 
load over a large surface; it must hold the ties in place horizon- 
tally; it must ciirry off the rain water and thereby prevent frei^z- 
ing up in winter; it must be such that the ties may be readily 
adjusted to the true gmde line and it must produce an elastic 
roadbed. The various materials used for ballast fulfill these con- 
ditions in variable degrees. and at various costs. The most perfect 
and costly ballast is not necessarily the best for a light traffic road, 
but on the other hand many litrht traffic roads are increasincr their 
Operating exj)enses funconscioiLsly ) in a vain attempt to cut them 
down by using a clieaj) form of ballast or none at all. The prin- 
cipal kinds used will bi^ stated with a comment on each one. 

Jl ful. This means m» ballast except the natural soil. Some- 
times tlu' natural soil is sandy or gravelly and will make a very 
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good ballast wluTt^ it ot'curs, but no matter how good the soil niay 
be in some places, such a (juality cannot be depended on to becon- 
tinnous throughout tlu' line or eviMi approximately so. Consider- 
intr that a heavy rain will in one day s|)()il the results of weeks of 
patient *• surfacing '• with mud ballast, it is si^ldom economical to 
use it if there is a gravel bi*(l ov other source of ballast anywhere 
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on the liue of the, road. If it must W used, tluMi the (h'Jiiiiago 
should l)e exceptionally perfect. The earth bhould l)e crowned 
over the ties in the center and the ditches on each side should be 
at least 20 inches below the base of the ties. This will facilitate 
the flow of water to the sides. 

VhulerH, The advantages are an almost perfect drainage, 
ease of handling, and cheapness, for, after the road is in opera- 
tion, their use is but the utilization of a waste j)roduct. The chief 
disadvantage lies in the dust produced as the particles are ground 
up l»y use. Incidentally, a light traffic road would recpiire a long 
tiiiie to produce enough ashes to ballast the whoh^ road, which 
would iinj)ly a long jx'riod of operation with no ballast at all. 

SUtij, In certain j)laces such ballast is very cheaply obtained 
as a waste product, it being given away for the hauling. It is free 
from dust and the drainage is perfect. 

S/iellf*^ jiHc coal^ etr. These are oidy used wdien their prox- 
imity makes them esj)ecially cheap. They l)ecome dusty in <lry 
weather and correspondingly imperfect in their drainage (jualities. 
They soon l>ecome but little better than " mud." 

GravaU A large j)roportion of the railroad mileage of the 
country is laid with gravel ballast. This is because gravel beds 
are so frequently found on the lines of roads, from which the gravel 



may l>e dug with a steam shovel, loaded on to cars and hauled to any 
desired point where it is perhaps unloaded mechanically, the only 
strictly hand work in the whole operation being tlu^ tamping of the 
ballast in the track. Such methcnls make the cost piM* cnbicyard 
very small. The gravel is easily handled and affords almost j)erfect 
drainage. If the gravel contains very fine stones or dirt, it should 
l>e screened over a half-inch screen to take the tine stuff out. 

Jiroknt Sfo/tr, This is the best form of ballast ol)tainable, 
and usually the most I'Xpensive. Although hand-])roken st(Mu^ is 
prefenible, the cost of machine crnshi-d stone is so much less that 
it is almost exclusively used. They should be broken so that they 
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will jiiiHS Uiroiifih a LS-incli or "-i-iijirli riu^. It its most cmi 
sliuVHJed with forloi. mid tliia iiiL-tlitxI liiia tlii^ HdtliLiuiinl advunt 
timt the tiiiHEt eliipn and dirt will lu st-reeiitid out. Such halUst holds I 
the tieB inure Kniily tlmii any uther funii and ht^nce is nlino^t iin 
tismitntiHl for rwids Imiidlinga ^reat Hiid tieavy tnittic at hi^h ejhixI. 
For a lijjbt traffii: road riinnin;^ few trains and tlu'se at very mod- 1 
erate ajjend. llie use of nn'k Iwllast wotdd In- alliioat a useless lux- ] 
liry iiideBs tlie brulien stone were very I'ltean arid fjravel w 
exjwnsive or uiiohtainalde, 

AiiHivnt rvipi'in-i]. (.IixmJ j.raetii-.' requires a de|illi of 12 j 
iiiebeB of gravel or broken stunt* undur the ties. With li-ineb A 
N-ineli ties spaced ~\ inches Iwtween centers, the auiuiint l>etween j 
the lies will l.e e.-jnivHlent to an addltifmal depth of a^oul 4 inehe 
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If llii- LnllHst iin>- *n a\era;re width of lllft.t f.*^ s fet I il llie top 
and IJ feet at the botloni. tlit n one mile of track will eontaiii 2,(J()7 
cid.R jardb BLukeii stone letjuirea ii Ultlo more than this sin. 
there should be a shouldii of bHlliist on the ends of tlie ties. (See 
Fig. 84.) 

Methixl ofl-iy'"Ui. When ballast is laid during the original 
construction of the roati, the projier method is H> haul the nmst of 
the ballast with earta or on the contractor's temporary track and 
spread it evenly to the level of the lK»ttom of tb« ties. Then the 
ties and rails can be laid and a construction train cuu haul what- 
ever ballast is ivquired for surfaciug and tanipiug. When the I 
ties and rails are laid on the luire subsoil and the construction I 
tmins with ballast are run over it, the rails ai-e apt to laieumu I 
ttadly 1*ent and kinked. A con][>roinise between the above methods J 
is to use light construction cars which may run on the standanl I 
gauge track without doing the injury that would lie caused by^l 
ata[idard loaded rolling stock. 

('■•it. The cost of luttlast de)ieiid8 on (<') the initial cost as it I 
comes to the road, yh) on the distance from the source of supply 1 
to the place where used, and (f) on the mclliod of handling. A J 
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little thought will show the variation in these items for different 
roads, and therefore any estimates of cost are necessarily approxi- 
mate. As All /(vera f/e tigure the cost of broken stone ballast in 
the track may be computed as $1.25 per cubic yard, and the cost 
of f/ravel may l)e put at 00 cents. The cost of placinjr and tainp- 
ing gravel ballast is estimated at 20 to 24 cents, while the similar 
estimate for cinders is put at only 12 to 15 cents. The cost of 
loading gravel on cars, using a steam shovel, is estimated at (> to 
10 cents j)er cubic yard. 

105. Ties. The cost of ties to a railroad is too apt to be 
superficially considered as the mere market j)rice of the ties deli v. 
ered to the road. The true cost is the cost of the maintenance of 
suitable ties in the roadbed for an indefinite lentjth of time. The 
first cost is but one item in the total cost. A cheap tie must be 
soon renewed. The labor of renewal is a considerable item of cost. 
The renewal disturbs the roadbed, which requires adjustment to 
keep it from getting uneven. The unavoidable unevenness of the 
roadl>ed has an actual although uncertain effect on operating ex- 
penses, increasing the fuel consumption and wear and tear on the 
rolling stock. It even has some effect on possible or safe speed. 

In round numbers, if the cost of buying and placing a good 
tie is twice that of a cheap tie, and the gooil tie lasts twice as long 
as the cheap tie, the economics of the cases are nearly equal. But 
on the one hand we have the interest on the e.rfnf cost of the t^ood 
tie for the lifetime of the cheaper tie and on the other hand we 
have the additional cost of maintenance of way when usintr the 
poorer ties and the indefinite increase of operating expenses due to 
a poor roadbeil. The annual cost of a system of ties should there- 
fore be considered as the sum of (V/) the interest on the first cost, 
(/>) the annual sinking fund that would buy a new tie at the end of 
its life, and (>) the average annual maintenance for the life of the 
tie, which includes the cost of layincr and the consi(lerai>le amount 
of subsequent tamping that must be done until the tie is settled 
in the roadl)ed, besides the regular track work due to the tie. 
Such a method of comparison is essential in considering the 
iH'onomics of chemically treated ties and untreated ties. 

\X^(khL a irood ti(» must last as lont{ as possible in the (rn)und, 
must be hard enoui/h not to be unduly affected by '•rail-cuttintr," 
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must be hard and tough enough to hold the spikes, and finally 
uiust l)e reasonably cheap. Throughout the United States some 
of the varieties of oak fulfill these conditions (on the whole) better 
than any other kind. Pine is the second choice, lai^Iy determined 
by its local cheapness. Cedar and chestnut come next, while red- 
wood, cypress, hemlock, tamarack and a few others have a lesser 
use. Bedwood and cypress are as good as any from the standpoint 
of mere decay, but they are so soft that the rails cut them and 
8[)ike8 have but little holding power. Since spikes most be driven 
within a very small area on the face of the tie (for the tie must be 
[)laeed symmetrically under the rails), when a spike is partially 
])ulled up by the rail tending to turn over, the spike must be re- 
driven very near its former position. On a curve there is a very 
great force tending to turn the rail over, and when the holding 
j)ower of the spikes is not very great, they, most be frequently 
re-driven. Forcing them down in the same hole is .almost useless. 
It thus happens that a tie of soft but durable wood will be ^'spike- 
killiKl '* long before any decay has set in. Redwood ties have 
l)een largely used in the West, and when they are protected by tie 
plates from rail-cutting, their life in a dry climate is very great, 
esj)ecially on tangents. 

/>////<7/.v//>//.v. Ties for standard gauge roads are 8 feet, 8 fwt 
() inches, and occasionally U feet in length. They should be <>/ 

inches to 7 inches thick, and if 
sawed should be 8 inches or i) 
inches wide. If they are hewed, 
POLE TIE. SUB TIC. QUARTER TIE. they shouM have a hewed face of 

about the same amount. Sawed 
ties are a practical Necessity on 
trestles and hridtres, and elsewhere they are preferable. When ties 
are cut from large timber, as is now frequently the case, sawing is a 
necessity, but there is a general opinion that hewed "pole" ties 
are more durable than sawed ties. In any case the bark should 
he entirely nMnoved before they are laid. 

Sjpftrliii/, The most common sjiacing is 24 inches from cen- 
ter to center, which is the same as 15 j)er 3()-foot rail, which is a 
common way of stating it. As many as 20 per SO-foot rail are 
sometimes used if tiie ties are small, but as this means only 18 
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inches from center to center, the sjMice left for tamping is small 
and the support to the rail may l)e even less than that given by 
larger ties with wider spacing and more perfect tamping. The 
spacing should not be exactly even as more 8upjx)rt is needed at the 
joints. Two ties are placed so that the rail joint is evenly sup- 
ported by tJiem. If the rail joints are '* staggered/' as is usual, two 
more joint ties are placed somewhat closer together near the middle 
of the opj)Osite rail. The remaining ties of the allotment (say 15) 
per rail will be divided evenly in the remaining spaces. 

liuh'H fur cnftthuj. It should ]>e re<juired that hewed ties 
should have their two faces truly parallel; the trees should be 
re^tsonably straight, one rule being that* a straight line passing 
through the center of one end and the center of the middle shall 
not pass outside of the other end; they must not have severe sj)lits 
or shakes; they should be cut in winter, or when the sap is down; 
they should be piled for at least six months before being used. 
When ties are furnisluMl by farmers alonir the rii^ht of 
way, it is specified that the ties shall be neatly piled 
crosswise in piles on ground not lower than the rails, 
the piles to l)e at least seven feet from the rails. 

liftlf'sfttr Ifff/f/Hj it ml n nt'triittf. The largest and 
best ties should be reserved for joint ties. Whenever 
spikes are drawn out, the hole should Ik* plugged with 
a wooden plug which will ])revent water from si^ttling 
in the hole and thus causing rapid decay. Ties should 
always be laid at right angles to the rail and never 
obliquely. AV^hen renewals are to be made, the re<jui- 
sitions are to l)e bastnl on an actual count of ties to be 
renewed and not as the result of any wholesale estimate. 
It is unwise to use a mixed variety of ties in the track 
BO that their size, elasticity and durability are very dif- 
ferent. This will, by the variation in elasticity, cause rouixh ridintr. 

CoHt. IxK*al circumstances very trreatly aifect the cost, even 
for the same class of ties. Railroads sometimes succeed in monop- 
olizing the tie production in the territory through which they run 
by refusing to haul ties for any otht*r customer or railroad, except 
at prohibitory rates, and control the price somewhat by refusing 
to pay more than the lowest limit at which the l<K*al jieople will 
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eapply the ties. Tho best ties procanble in a section can thus be 
proonred for 45 to 50 cents per tie.' and where common labor is 
very cheap this price is cut even to 26 cents. On the other hand, 
the Terr beat of laivu oak ties will often cost 75 to SO cents. In 
view of the above variation in price, any estimatea ninst depend 
' on local conditions. 

io6. Ralls.' The form of rail section popnlsrly known as 
the A.S.C.E. section, was adopted by a committee of the American 
Bociety of Civil Engineers in 
1893, after a great deal of discns- 
sion and atady. That fonn is 
now need by the moat of the rail- 
roade of the conntry. ^e essen- 
tial featarea of the design are. that 
the head shall have 13 per cent of 
tlie area of the seotioa, the web 
21 per cent and the flange 37 per 
cent. The top of the head tntist 
have a radins of 12 inches; the 
top corner radins of the head 
""' "'""""■ mnstlte j*,-iDcli; the lower corner 

nuliiie of t)ie head must be ^'t-inclit ^^^ radius of the corners of 
tile flanges trniBt be y'^-incli; the radius of the side of the well 
iinist bf 12 inches, and tbe radii of the web corners mnst be ^-iuch; 
tlie angles with the liorizontal of tbe under side of the head and 
tlie top of the flaugi-s are botli lU"; the sides of the head are verti-' 
cal. All uF the alK)ve dimensions are constant for all sections 
regardless of tlie weight of tlie rail. Fig. 87 shows all of these 
constant dimensions ajid indicates by letters the variable dimen- 
sions wbidi are given in the following tabular form: 
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Ii QUI rtadilT iw ptvnd thai if all »n« nf rails bad esw.-th 
nnilw croM-flerticKM (wfairfa it aumrir tnwi tbeo ihe &iifFnc«a of a 
nul variea a* th# afitar* of tbe weiglit aixl tb« etmogth vim-^ »« 
tbff } |n«vr. Thw mnui» that if vtp add 10 per otrut lu i)i 

'<ii*i^t (and tberefore 
I'lecost) of ibe rail we 
ailiJing 2i per oeot to 
-litTueid. and uver l^i |i 
i->-tit Ui tbt:- strvngth. As a 
iiii>rv cuiicreto exam pie, 
»uppu»! that somv df 
rw *• ff"irT»i»f Ban J<4M. '" "^^^ ^^ uvi^lit uF 

rail for a road GO lb. 
Taid, and ottn-rs viab to use a 70-[b. rail. At $:j(> per Uxi luf 
■^.:i40 |iouudsHbe ir,frrrt,i\- of oi«t will be $471.42 per iiiile^ of 
aingte tra(.-k. Baton tbe other haad, altboairb the coet i: 
bv 1)'§ per vent, the etreugifa is increaaed 2ti per rent, and 
siilFnivs is increaseal 'A*\ per cent. TI»e increase in stiffness 
ibuit diiiible the itierHUM in cost. Viiforlnnatelr there is 
Milntv L-riterion as to the amount of stiffness or streiiglh requ 
%\nv» il ilejiends Inrgely on the niiktioirn, nncertalu and variab 
tiinipin<! of tile ties and the BUpjiort wbi<:b tbe tiea receive from 
tin- baltiiBt. Itiii the abiive nhttio-' tignrea holil good, and coiisid- 
eriu); that a tttiff tmek means dtn^reaeed rolling resistance, higher 










S[)ecd jiiid preuttT safety, it considerHhle tncTease in weight ov< 
ibiil iiiiiiiiiiiiiii on wliich it Monld be |Kissi1>le to run trains is t 
iiiily jnntifialile but is ii tneasnri) of true economy. As a gent 
statement, it may bu said that 00 lb, per yard is the UgUta 
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weiirlit which should be used mi h nUiKlitrd ipkii^c* raad miming 
■irdinary lulling stock, no iiintltT liow )i<;ht thts Intttii-. liitads 
with H fiiirbiisineassltoiild huvtjTO-lb. rails. Tliegrent tnink lines 
are I'elayirijj with KXl-lli. mils un llif heavy traffic diviitiuiia, and 
iiMiiHlly hiivf iLsheitvy us^o-IU. rails nn nil Imt th« siimll hranitlit-s. 

/^ iii/f/i. The lilaijdard R|M'cilicjitions jn-opostsl liy a ciirrmtittee 
of tliB Aiii(>ricaii Hallway Knirineerin^ and Maintenanct^ of Way 
Association in 1'I02 containtnl this cltiust- : "Th» standard lengtJi 
of rails shall Iw 8:1 feet. Ten per cfiit of thf fntiro order will be 
ac-cepted in shorter lengths, varying ''y wen feet down lo 27 feet. 
A variation of J-inidi inlentrtli from lliut 8[)ecilied will he allowed.^' 




Uring lair ywirs inncli fX|«-rinii'nliiif; has bwii done with the 
jid«a of increasing tlu> length of rail, and a considerahle nmonnt of 
^nilfl of 45 and even 0(1 ft-et has b<-en laid. Theee bave the uu- 

nbtt^ advantage of saving u proportionate nnmherof rail joints, 
ftwliich are always a sonrci- of trouble, bnt at the Hitine time tlie 
I'kilowancu for eN|)RnKion which ninsl lie made at every joint irinst 
t lnf proportionately inereaHinl. Tim nluive ivct^it standard spet-ilica. 
I tioM appirently indicates that the increase in length has not proven 
I desirable. 

107. Rail Joints. The action of a heavy wheel rolling on 
I an elastic rail is to cause a wave of elasticity to run in front of the 
tpoiiit of contact, A [M-rfi-ct track is one that will keep that wave 
t of elasticity ja^rfectly nniforin, wliich reipiires that the rail joint 
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t^ln.iiM li;ivf ilie BHliitt BtrfHfjtli RDtl stiffui'ss aa tbt- mil. Only a 
Wfliliiiif uf llie rails, iiinkiiig theiti ifoiititiiiuiis, winilil H<.-U()tn{)lisli 
tills. .\iiy rnil joint whidi is as strong na the rail i.-t iiitfssarilj- 
liiiicli heavier and stiffer. Passing \iy tin* older furms wliieli Uhvu 
MOW Ijwoine oheolete, we have in Figs, 8S to i*i the forms wliifL 
arc now oonipeling fur ailoption. The -angle liar" Is still need 
Mitii-c thmi any oiher kind, hut many of the oilier forms liavt^ 
ileiiioiistrated llieir reliahility ninl fulKliiient of the reniiirfuienta 
Hd nearly aa may be hoptnl (or. Xuarly all of these deBigns arc 
used exoliisively aa "aiisjiendetl " joints rather than as "suii- 
porlwl" joints, the difference Iteing. as the name implioe. Unit a 
Biispeiideil joint is plat-eil lietweeii two ties so that each end of tlio 
joint has an iMjiial Itearing on tin- ties; a Piipjiorte*! joint is la-t 
directly over a tie and hence i:;.- _■■ ■ ."■ - wlmlc sup*J 




port from [h:U out* tie. unlest; the joint is so 1oug that it re^ts C 
the iidjaceiit tics. tlniB making it a •• thnn'-lie" joint. 

Angle Imrs are usually hIxiuI 21) inches long. Of course, the 
Imrs, of wliattiver kind, should be ao made that they will fit closely 
under the head of the rail and also have a close fit on the top of 
the flange. This means that every rail joint iiiuat Iw made with 
special ivferenc** to the particular design of rail with which it is 
to Iw nsi-d and thiU it will fit no other design. For the smaller 
sizes of rails and on light traffic roiids, four-bolt angle bars are 
used, but the longer and heavier bars are usually made with six 
holes. The holes are madi< in a somewhat elliptical fonn and the 
track bolt has a (•orrespondijig form immediately under the head. 
The bolt is thns prevented from turning when the nut ie screweii 
on or off. The liolea in the rail am made alKHlt \ inch larger in 






ln'twet-ii ailjaci^iit mila. 

Tiiia rc(|iiire8 tbf use of 

insuliitiHi juinls. A [>latf 

of soiiit' insulating nia- 

terial is plafwl lietwi 

till- ends of tlit> rails nud 

-vvn ll» ic.i„t l«r.. of 

wliatcver kiiui, iiiUBt \r- 

iiKult^ of wood, or ir of 

iiictfti iiinst liiive tile metal iii8iilntfil fi 

Eudi a joint is ilh>strat<^l in Fig. 'M. 

108. Tie Plates. Maiiy of tim aoft-woixl ties are very iJiira- 

lili' as i-effanU defay, but are "cut" liy the rail very badly. Thia 

is nut due to itwru Btatii; preaaure lint to tlie working of tlie rail 

on tliu tie during expansion, and to inipiu-t when the rail has 

1>ecOTne looseni^d S4iiiiewhiit from tlio tie and u wheel load snddenly 

fort-es ft down witli a Iminnier blow. The cntting on unrves is 

iiImo dne to th« exwssive pressure pro*ineed by llie edf^es of the 

tiangee whicli la deveIo[«^ by iho cen tri fngal at^tion of the rolliiii; 

stock. Another advantage in the 

use of tie plates lies in tlie fact that 

the spikes are nuitually supportnl; n 

spike uaniiot be forced laterally in 

the tie without drawing the tie plate 

with it and this is resisted by all llie 

f.s. 05. Ti- I'liiv. spikes jMisaing through the tie plale. 

Tlie cost is insignitieant coni[>areii 

with the addetl life of the lie. especially if it in a soft woo^l tie. 

The advanta^ ' with an oak tie is not so great projMjrt ion ally. 

It is very important that llie spikes should tit the spike holes 
with but very little play, otherwise one of the primary objects of 
thu plntt' will W, defeated, and tint rail will not lie aecnre against 




liU.'nil iiKili 

|,l...u. nm « 
1,111 tl..-y His 
iililf nitlliij^. 

.jIlllVS llixt III 




II. \<iU- tliHl tbu fltin^s oil lht> lower sidi^ iif the 

ly stilTt-ii it ui]<l iiiiilcti it iiiiich stronger stnii^tiintllj 

aiiture till- ]ilut« to tlie tie and [irfvcnt iifi iil'ji'Cliiiii- 

TliB very prewiittt of these Haii^eH. huweviT, n-- 

I>1iiU-H tiliall 1h- ilriv-t>n on lo tlic lie. 

A eoriiiiioii Init nljjWtionAlile 
'lljrxl iif lining tliis i^ !<■ put ihf 
iii'S in |i1hci> tinder the rails, 
ve tile Hjiikes au fur no tlit-y uiil 
mid liieii '1e)>end on tht> ^tm-- 
fi- iif tile tirsl trains lo fnnv llie 
.ti'M into place. If llie sjiikes 
■ imincdialely driven liiinie as 
us tlie plateB are down, the 
Mietliod iif uot 90 object ionalile. 
Iml eviN ;i teiii|Kinirr delnv will result in IcHtse Hpikea and raib. 
A very lieiivy wtKMleii iiiaiil is tlie liest ordinary tool. The very 
liest reHiilta are obtained by utilixinf; a pile driver. set<inf; llie 
plalefl aeeiirately lo giiiijje and then drivinjj them home by a siiifjle 
blow fi-orn the pile Imininer, allowinjr it to fall two or tJiree feet. 
109. Rail Braces. The pressure ajfaiiist the outer nil on a 
curve, itinl alfio the preaaiire a^iimt the inner rail when a truiii 
8ti)|»9 on a curve which baa a considerable snp.T-plevatioii. is fre- 
ijlieiitly pn)vided for by "mil braeeH" sneh aw are illnstrateil in 
Fijja. 9;t ami I'MI. Soinetiifies ihcNe are made of east iron, but 
these are brittle and are a|)t U> 
lie broken by a blow from a 
fpike manl wlien the spikes are 
driven. The preferable fiinii, 
jillhoiifrh it iainoreex|)ensive. is 
to forge them or " in-esH " tlieiii 
friiMi wri>u^)it iron or steel. 

In I'if^, KKI is filiown a form whiirli liaH a plate whieli nins under 
tlie rail which thuB makes it a combined mil brace and li« plate, 
no. Spikes. The fundamental reqniienienl of a spike la 
huldin^r power, but it must alao be cheap, easily applied and easily 
removed when necessary. Many devices. Bncli as makiiif^ the siir- 
fftCH roiiffh and even jaijged. have l>een tried to increase the hold- 
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iii^ [lowtr. But il hHs l>eeii foiiiid that tlit- dt^Htruc-tiuu uE tliu lilnxi 
uf tim Wdixl vaiitietl hy tlit;sti devices lias autiiiiliy redliced tim liold- 
in>; jMiwiT and that thu buMt form is a s|iikt> with plane and hukhiiIi 
facfw. Tin- [joint slionid be made au as to rut tlie fibres of tiiL> 




wuo<l iiiHliuul uf i-i'iitihiiig tlieiii. ]{y tins nieaiiH tlie lil 
]iri.'s»f(l outward mid ddwiiward, and tliiia any itpwanl jn 
tends to draw llie HbreM back to tlieir oriffiual Jilaw and su 
tin- |irt-8siirii afrairist the B|iilve and llins iutrreaae llic fni-t 
tLeliuldiiij^|K)Wer. The standard spike for rails weifjhingni 
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5li |KJiiitdH [wr yard is H indies lung and ,%-iMC'h square. Tbere 
will be aljout Hlo in a keg of 2(H) pounds. On this basis, if the 
ties »rv 2i iiichi-s apart and four are used per tie, lliere will 1h' rc- 
quiri'd 5,fi32 spikes jk-t mile orSS.llikegs. Of i-uiirse a consider- 
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abl« allow-aoce must be made for lou and waste of varioiu Iciods. 

lit. Track Bolts. Tlie tiack bolt iitust liave snffident 

Btrength to hold the angle pUtea together with iacli force as will 

d(!VtiIop the full strength of the angle plates. And yet this lunat 

be accomplished so that the friction dovtsX- 

*-i Hi- 1- 1 ' r !. i ' not slide in tbe joints during tempeimturv 

changes. On a straight track the contrac- 
tive pnll doe to a Ml of temperature is so 
gnat diat no possible gripping of the bolts 
could prevent slipping, but it is quite poasi. 
ble that when rails expand, and eB]iecia11j' 
when ou a cnrvi5,the resistance to slippiiig 
iiiifflit be so great that the track wunld 
Iuil»b out of alignment iustusd of slippiii<r 
(it the joints. Buch an effect does actually 
tiiki< plnuj wIkmi thv nlluwaucD fcr uxjiansion is insufficient and tlw ' 
rails continue tii oxjHind uftur they have butted end to end. 

Another re<iuireineiit is that the bolts shall not turn while 
the nut is I)«iiif; turned. This is accomplished by an enhugenuMit 
of tilt' Imlt jiifit miiU-r tht> hfiwl. ae shown in Fijj. 101. Tliis lits 
fiih-ly cluHcly in " curres[K>iidiii^ oval-sliaped liule in the angU- 
]ilalf. Tile sizes shown in the iijiure are alwut what should U; 
usi-<l M'itii H 71) (ir S|).|k)UikI rail, lli-nvier ntilu retjuire a lon^^^^^r 
IhiU aril] orii- tliiit is |jro[K)rtioiiutely lu-Nvicr. Tliu ty|H! of mil 
j;iint itM-il. am] iilsii tlie ty{H' uf nut l(x*k if any, will deteriiiint^ 
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i<Fili ofholt. wliilo 



of mil hIiouM deU-r- 
tiif .lium.-t.-i-. The .liHin- 
vai'v fi-oiri '< iiu-h l<> 1 tiK-Ii. 



113. Nut l.ocks. Till' 
tlirt-i- ly|H's of mil Im-k l^" 
uiiiItT tin- mil wli 
loosen III.- Milt. [I 
U)H I I'y Willi.' uii 
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tli.Mt' wlii.-li Ii.-ivtf an elastic cutihion 

rliR tlio vihntliona tliHt would otherwise 

St' liy wliicli til.' nut is made to grip the 

ili'viii-i su tlnit viln-atlon will l»e iusutticient 



to I.H 



It, : 



I the 



'VI 



'. in wlii.-li the locliS are pre- 




II turning liy some duDiiiti^aiKl [tOHltivu tiieciii 
Tlie " Ajax Tail Washer," eliown in l*'ig. 1(12, ia a sairiplc of 
thtt tirst class, altliongh it also has some of the elemeiittt of the 
third clftss, fiiniru the slmr|i steel points will tend tu bite iiitu iioth 
the umier side of the nut 
and the side of the aii^lf 
jjlate where it rc^-t^ 
whiinever there is a tfinl 
eiiey for the nut to liti r; 
haekwiinl. These |ioiiii 
merely drnif and slip 

when tlie nnt is l^ing ^ _^ 

tijrhtentil. 

The Culiiniliin nut lock, shown in V\g. l(J:j, i^ u xiini],!.^ u[ 
tlie aecund class. The nut is coin|>onnd, the inner ]iieei.< Wlliir a 
four-sided frustiiin of ii pyramid, the e<lge8 Iwing ronnded. This 
fits into a eorrespondiiif^ recess in the outer piece. The inner 
piece is also cut through so that it may I>e slightly aqneeziil 
together. The pyramidal form refjuires both pieces to turn to- 
Ijeilier. When the outer piece comes in contact with the arif^le 




plate it is forceii back (relatively to the inner nie( 



which ( 




thi) inner piee4.i togclJier and causes it tti grip the holt. Tbi- mure 
tlie nut is tiirne<l, the tighter the grip. 

The (lordon nut lock, shown in l"'ig. 104, is a sample of the 
third class, although it is designed to )>e used only with the form 
of angle plate which is shown. In the form shown the square 
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imts must III! tiiriibd uiili] one wig* is exactly on liiit*. A iiiie- 
ei^lith turn forwsrd or Iwok will always at-c-ompliBli tliie, Tluin 
wiit'ii tlie Itar is s1i|)f)ed in all nuts ar» absolutely prevfiited from 
turning. Tilt! alKjvn deHigiis liave Ijeeii selected as mi're eain)ilfs 
of I'acli class fi-orii a gi-eat niiiltitiide of designs of greater or lesti 
merit which art- on tlie market. 

LAVING TRACK. 
113. Surveying. .Vfter the earthwork is comiiletetl and the. 
L-nlverts and Itridifes are built., the center line of the traek must Ik* 
re-Iofatf-d on tho rua(ll)e<l surface of the tills and cuts. ItefereiKV 
[H>iutH Khuiild liave heeii estaliliaheil <Iuring the original survey so 
lliiit liy (be intersei-lion of two radii swung from [lermaneittly 
cwtiibliMlud |K)iiitH the iH-ginnings and endings of all curves may 
In- n-.!oi;it(il. Then all inlermwliale slatioiis should Im! Jille«l in. 
A line of l.-velH wliuiild then U- run and (be ugn-ement of these 




levrl. uilli lli<'.i,-^i^ii.'.i gj'ixK' should l..'d<'l.'n.iin.-d. I f. tbc b-v.-ls 
of til.' .'Ills mid tills liMS l..vn foll0w.1l wilb sullii-ii'iit el.>s.-]iL'SS 
.luring .■.onstni.-tiou.lli'T.-slM.uid l.<- 110 di.s.-ivjHiiK-y .-xcepl tbal ihe 
l,'v,'!sof liMssbouM I..' M.nK'wlmt biglu-riluiu (bat c^lbil for »<> us 
K, iillow fui-siil.M.|jU,.|il s.-llK'ui.-iil. 

114. laying Ballast. Tlii.s luts already l>eeii disL'Ufsed in 
l;l(l|,:is hiis niso \\„- |)nlic\ of laying the ties and mils Ih'st an.l 
lli.'u dniwiiig ill.' Iiiilliist in 11 i-oiiatruclion train on tbe jKHirlv 

115. Layinjt Ties. IF lln- tici> biivc Iw-en sawed to an exael 

K'liglli. tlir uliguiiK'iil i.r w nid will of eoursi- line uj. the other 
Init vv)ii-ii lii's !iavi> li.'t-ii Iicwi-ii iiml cliopiRil off an.i sometimes even 

ilii'ii Irtii^ili liiul llii'ii il i^ icquiri-ii ibiil they shall l>e aligned at 
om-.'ini or ilu' nilur. .\ littl.- stieli iiuiy be furnished the track- 
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men as a spacer, but with a little exj)erieiR'e they will space the 
ties as closely to the required spacing as is necessary. The ties 
should always be laid with rings convex uj)ward rather than con- 
cave. Of course a pole tie, when it is j)erfectly symmetrical, will 
be the same either way, but there is usually a choice, as is shown 
by the tigure. When the rings are concave upward there is a 
greater chance for water to soak in and cause decay. Turning the 
tie the other way, the water will shed off more freely. 

ii6. Laying Rails. Hails should be laid so that the joints 
are staggered as nearly as jx)ssible. This requires a half- rail length 
at the start. But the difference of length of the outer and inner 
rails of a curve will disturb the arrangement of the joints, no 
matter how j)erfectly it nmy start. These differences may be neu- 
tralized by selecting mils which are a foot or two shorter than the 
usual length. But the occurrence of a switch will reijuire a read- 
justment of the joints, and may re(juire a rail cutting so as to bring 
a joint where desired. Very short lengths of rail should be 
avoided. If a full length rail comes a few feet short of a point 
wliere a joint iimt<t be made, it should l)e cut so that both pieces 
shall have a fair length. The rails are first laid aj)proximately in 
j)Osition and end to end. 

When placing the joints on the rails, allowance must be made 
for rail expansion due to temj)erature. The theoretical amount to 
be allowed is .^^OOOlMJo of the lencrth for each deirree Fahrenheit. 
If'it could be readily determined just what is the tem[K*rature of 
the rail (which is possiblv much hiijher than that of the air) at the 
time the rail is laid and also the highest and lowt^st temperature^ 
that it will ever attain, the problem would be comparatively simple, 
but the fact that these (juantities are so uncertain seem to render 
useless any attempt at an exact calculation and to justifv the rough 
and ready rule of *• allowing ^^^ inch for coldest weather, ^-inch 
during the spring and fall, and ,',5 -inch during the very hottest 
weather." The allowance of 'rt-iiK^h durincr the very hottest 
weather is apjiarently based on the idea that the rails should never 
be allowed to butt up against each other, for then any additional 
expansion will cause the rails to buckle. If a rail was laid when 
its actual tenuperature was (JO F., ics length of 'iV'\ feet would be 
increased by about ^ inch if its temjM.Mature were raised to 
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120\ as might readily happen under a burning aninmer sun when 
the temperature of tlie air in the ahade was perhaps lOOP. A prac- 
tical method of making an allowance which would be auflScientlv 
accurate would be as follows: Place a bulb thermometer (one 
without a metal frame) so that the bulb lies against the rail and 
then cover it up so as to protect it from the air and ao that it will 
assume the temperature of the rail aa closely aa possible. The 
exjMinsion of a 33.foot rail for each degree is 

.0000065 X 33 X 12 = .002574 inch. 

If we allow 120^ (some allow 15(f) aa the maximum beyond 
which it 18 assumed that the temperature will never rise, then the 
difference between this maximum and the ascertained temperature 
of the rail, when multiplied by the above allowance per degree, 
equals the gap to be allowed at each joint Strips of sheet metal 
of the required thickness should be furnished to the trackmen. 
These strips are placed temporarily between the rail ends which 
obviates any necessity for measuring on their part When the 
joints have been bolted up, one line of rails is spiked so that they 
are at the proper distance from the ends of the ties. Then by using 
a *" track gauge'' at every other tie the other line of rails may Iw 
s|)ikc(l down. The interiiiediate ties are then spiked. '• Standard '* 
crsuige, which is in almost universal use in this country* is 4 feet 
SA inches = 4.708 fci»t. Although the gauging should be all right 
for these other tics, the gauge should l)e at hand to check the 
[)n»vious work, esjii*cially if it is on a sharp curve. Track instruc- 
tions frc(jucntly s[)ecify that mils should be previously lient liefore 
l<*ivin<r around curves, or in other words, that the rails should have 
tlie projK'r curve when lying freely on the ties. Of course the 
necessity for this increases with the degree of curvature, it l>eing 
unnecessary for very easy curves. 

The practical trouble counts at the joints; the rails instead of 
having a common tnngent will intersiH't at an angle which is de- 
structive lK)th to the track and the rollinir stocrk when trains ari-) run 
at high spet»d. The ideal metluMl is to have the rail bending done 
hy rollers in a rolling mill and this methoil is almost a necessity 
for the very sharp curvature employed on some electric roads. 
The lield metlu)d is to use a "rail IxMider'" which bends the rail in 
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lengths of about two feet and which must be operattjd very care- 
fally and skilfully to avoid ruining the rail. A rail is bent until, 
when a string is stretched 'from the inside of the head at one end 
to the inside of the head at the other end, the distance from the 
middle point of the string to the inside of the head 
at the middle of the rail is as computed below: 

In Fig. 106, since the triangles AOE and 
AD(^ are similar, AO : AE :: AD : DC, or li =^ 

1 

-^ AD" -f- ./'. When as is usual, the arc is very 

short compared with the radius, AD = -y AJJ 
"ery nearly. Makin<£ this substitution, we have 

a 

chord'' 
It = ^^ (very nearly) (54) 

Inverting the formula we have the formula required for present use: 

chord" 




.r — 



"HIT (v«iT'»^*^'*lv) (55) 



Althoucrh not mathematicallv accurate, the maximum error in any 
practical case is far within the attainable accuracy using a string. 

Example. What should be the middle ordinate for the outer 
rail {H'ii feet long) for a <> degree curve '^ We will call the chord 
S'il feet since the slight inaccuracy involved only tends to neutral- 
ize the inaccuracy of the formula. K = 1>55.37 + 2.80 ^ \Ku.l2. 
Then 3:i^ (which equals lOSU) divided by (S X 1>57.72) =r .142 
foot or 1.70 inches. If a similar calculation is made for the inside 
rail the difference^ in the ordinate is less than .01 inch, which shows 
that unless the curvature is excessively sharp there is no need to 
nuike the allowance for half-gauge (2.35, as is done above) nor even 
to use great accuracy in the decimals. A table giving the middle 
ordinales for H.'^foot rails for different deirrees of curvature is a 
desirable j)art of the e(piipmi*nt of each track foreman. 

The spikes on the opposite sides of a rail should be driven 
"staggering," so that there will be less tendency to split the tie. 
The direction of the stacrcrerincr should be reversed at the two en<ls 
of the tie, so as to prevent a loosening of the hold of the spikes, 
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such as would occur if the referee method were' used and the tie 
were to become fastened in the balhist. Such an item of von&truc- 
tion, while very simple, is of vital importance. 

117. Surfacing. Track centers (stakes) having been placed 
in line, the alignment of the track is made perfect. The rail lav- 
ing should have been done with the rails a few inches below their 
proper grade. Then jacks are plaobd under the ties (or rails, as 
most convenient) and the track is raised to grade, as given by 
grade stakes which should have been previously set. Using tamp, 
ing picks or shovels, the ballast is jammed under the ties until 

they are solid at the desired grade. Picks or 
tamping bars are best for tamping broken 
stone ballast, but gravel can be most easily . 
tamped with shovels. 

iiS. Supei^«lev«tioa of the Outer Rail 
on Curvea. It is one of the demonstrations 
of physics that the force required to make a 
mass move in a circular path equals G<^ -^ 
(jlinUi which 6 is the weight, v the velocity 
in feet per second, ff the acoeferation of the 
furce of gravity in feet per second in a sec- 
ond, and K the radius of curvature. If the 

rails on a curve were level transversely, such 

» 

a force could only 1x5 furnished by the prt^s- 

sur(M)f the wheel flanges against the rail. To 

avoid tliiis objectionable pressure, the outer 

rail is el(*vat(Ml until tlie inward conij)onent of the inclined wheel 

])ivssure ecpials the coni|)Uted centrijietal force required. 

In Kitr. lOS, /;/> may represent the resultant pressure on the 
rails at tlie same scale at which fK' represents the weight G. Tlien 
(f(f is tln^ recjuired centripetal force. From similar triangles, we 
may write .v// : v/// :; ffo : or, Call u = 82.17. Call R = 5730 
1), which is sn4Hciently accurate for the pur|x>se. Call v = 
r):28()V : :{()()(), in which V is the velocity in miles per hour. 
///// is the distance between rail centers, which for an 80-lb. rail 
and standard tranui' is -i.l^ir) feet: n/n is slightlv less than this. As 
an averatre vahu\ call it 4.1KH), which is its exact value when the 
su|)er. elevation is V^ inches, (ailing /*// = c, we have 
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= HlH 



■^ ~ "^"^ ylt (; "■ 82.17 X :5r)()0- X 07:^0 
,> = .()0()0572V-I) (56) 



lr«"»e 



Stndyiiifj the ahove. formula, it will first he notiee*! tiiat tlie 
required super-elevation varies as the stjuano^ the vel<KMty, wiiieh 
means that a eliange of vehK-ity of only 10 jkm* ctMit would re<juire 
a clian^ of super-elevation of 21 per cent. Since train veUxMties 
over any road are so very variahle, it shows that it is impossible to 
make any super-elevation fit all trains even approximately. There 
are several approximations in the ahove formula, hut none of th^m 
will affect the result as much as a chancre of less than one jH*r ci nt 
in the velocity. 

Practical Rules. A very simple and commonly us(mI rule is 
to elevate one inch for each degret^ of curvature. This rule agrees 
with the alx)ve formula when the vel(K*itv 
is alxmt 38 miles per hour. If a train is 
running slower than the sjn^ed for which 
the super-elevation was desifrneil, the 
practical efrect is to relieve the pressure 
against the outer rail which still exists in 
spite of sujier-elevation on account of tin* 
necessity of turning the groups of four 
or six wheels under a truck or engine. 
Therefore the lietter ])lan is to elevate for. 

the fastest trains. Thirty-eight miles an hour is so near the max- 
imum for a light traffic h ran eh line, that the ahove rule is very fair, 
although, of course, not so g(K)d as a more accurate one. 

Another rule, which is es|H»cially good for track maintenance 
when the track foreman mav not even know the deirrce of curve, is 
<leveloped as follows: Assuint* that ./• in ecjuation oo is equal to ti 
in eipiation 5^), and W(» liavt* 
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hut sinc^ D 



hit 

5780 
rlutrd 



.()00()o72 V'l) 

U, wt' have 
i.iVll V- aii.l 
l.tJ2 V 



(57) 
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AaHiniii- lliKt tlie litriit uf 5U itiik<a [kt liuiir is sft lu tii<i 
speed of the faetcHt trainn, then ihoiil = 1,»J2 X "»!' = M feet. 
Tliia nitons) llint if » striiip ur ta[)e. liuviiig n loii^th of *^1 fwt. is 
atretrhed lietweeu two [loitits at tlmt dielaiice apart tm the iiiii**r 
head of the outer rail, the h-ii^th of the ordinnU' at the middle of 
the string im^iibIs the reiiuired siiptT-iiIePalioii fur ijfl milt's per 
Lour. Similar eompiilaliona laii t)e made and tahiilau-d for al 
other (iinsired speeds. On duahle track, siiiee the apeeil on ai 
aseetidinj; {rrwle will almost certainly be leas ibaii the i;[)eed of 
trains t'omiiifj down that crrade. there should tlieifretically U- u 
differeiii-e in the siiper-i allow for this difference of 

s])eed. On some roads mr unvn inslnictiunB coniatn sfx-t' 
inatriuttiima to allnw for this. 



SWITCHES A 
Switch Constn " 

vi'lu'eJB iif railniiiil ^^ 



TURNOUTS. 

lie nnivereal method uf keep- 
, i.nt 



st<Hrk on the rails 




flangea on the inner edges of the wheels. When the wheels are to 
hn led away from the main track, it muat be done bj creating a 
new jMthway for tbeae flanges. This is done by leading the wheel 
flanges tltnuujh the rails or by raising the wheels sufficiently so 
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tlmt tiiey may ]>f^ss "vrr tiie rails. liulh nietluMls will Itf de- 
Bc-riliud. The iiietlnxl of k-adiii^ the dances through Iht* i-uile is 
most coiiiiiioiily uswi since It di»es not require mAfVif/ the roltiiifi 
stock i)ver tlie rail. 

When the rails are tirst led out from the iiiain traek, it must lie 
(lone hy one of two general methods, the stnb-switeh itiethoil, 
illiistraleil in Fig. I'Ht, or by the |M>int-switch method, illnstrated 
ill Fig. 111). Of course these ligiires are only diagrHriiinHtie and 
it should be at ouue understood that in these figures as well as in 
ninny others in this chapter, it has been necessary to use very 
abort radii, very wide gnuge, and very lar^ frog angles in order 



to illustrate the principlea by tignres which are suitnljle for the 
|iage and which wonld at the same time be intelligible. 

The use of the stub switches is now confined to the chea|iedt 
of yard work or private switches which niu off from sidings. They 
sliontd never l>e used in any main track. Their constrnctioii may 
lie implied from Fig.- IHK, The pair of movable raila are tied 
together at the pro|ier gange by tie rods. The two pairs of Btnb 



ends are of course Kxwl. The details of i 



vitfb a 



illus- 



trated in Fig. 111. Note that one rail on each side is absolutely 
nnbroken. The other rail has nearly alt of the head cut away and 
a part of one Hange, The other Hange and the web. with that 
|)ttrt of the head irntTiediately over the web still remains. The tie 
ro<lH which arc clearly shown connect this [Hired-down rail with a 



n 
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Kig. 11:2. Till' iiijclmnisiii is nf <.'oiiriie covt-rcil, tlic covt-r 
imlicnh-dliy tliL< faint linee. Tlie ty|ie shown is hut om 
iiiiiUitiiilf for whiitli there is no spHce hyre. 

(imiril R'iUk. Tht'se are shown opfioBite the frofja i 
Kigfl, l(li) and 110. They ohviate any danger of the wht«1 niii- 
ning on the wronfj side of tiie frog [Kiint and also save the frog 
j)oi»t from exwssive wear. Thf flange-way B|«ce between ? 
heads of t)ie guard rail and thf wheel rail iiiiiHt therHforeJ 
exeeeil a definite qiiHiitlty. which is made about two inohea. Sn 
less than the distance 1)etw<>en tlu- heads of two ordin 
(ii/.ixl rails wlien placed liase to hiisB, to say nothing nf any an 
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for spikes, the base of the guard rail must he cut away somewhat. 
These giiaril rails are made from 10 to 15 feet long and are hent a 
few feet from each end so that there sliall he no danger that a 
wht^l flancre shall strike the ends. 

Fro(jH. When the outer switch rail reaches the oj)[K)sitc* 
main rail, the wheel flange must eitlier ])ass thromjh the head of 
the main rail or the wheel must he raised so that the Uancre may 
pass over the rail. The most commonly used frogs are those of the 
type of which the wheel flange passes through the head of the n;il. 
The geometrical outline of such a frog is shown in Fig. 118. 

The frog number may he found hy dividing tlie <listance from 
the " p)int" to any cliosen place hy the width of the frog at that 
place, or in the figure r// ~- ah. Hut since r is the imaginary 
intersection of the sides pnHluce<l arnl is not easily determinable 
with accuracy on the froi', it is sometimes easier to m(»asure the 




Fiir. lis. Diagram of Fro^. 

width at two |)laces (r// and oh) and then divide tin* sum of those 
widths by the total distance sli\ this will give the same result as 
bt'fore. This measurini; may Ik* done with any convenient unit of 
length such as a jHMicil or a sj)ike. Kind the place where the 
width of the frog just e(juals the unit of length and then step off 
that distance to the ** point.'' The fuiidammtal ol)jection to all 
frogs of this type is that they make a break in the main rail 
which causes a jar when a train is run over the frog at highspeed. 
If the frog is made •* stilt"' as is illustrated in Fig. 1 H, the track 
has the advjintatxe of beinir literally stitf\ but the wheels have to 
run over the ijap. The desiirn shown in the tit^'ure aims to obviate 
any drop of the wheel at any point and this will be fairly accom- 
plisheil as long as the hardene<l steel faces can resist the wear 
which is very severe in the older and commoner designs. 
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Tlif "Bpriiifi-rail " frog, illiifltrat«d in Fig. 115, is an attempt 
to ol)vialL> th« gap for maio line trains. Wheel 
Hariges running on to tlie switch force back a por- 
tion of th» main trat^k rail which ia nornmllj helU 
in place hy a heavy spring. Ktmoing on to the 
switch is supposed to l>e done at com [tarati rely 
slow B[)eed, which permits the rail to l)e forced 
hack without danger of derailment. But since 
the main, rail is kept iu place by the pressure of a 
Bpring. the "frog lacks the stiffness of a "stifP' fn^. 
The method uf raising the wheel and carrying it 
over the main railis illuBtrat»d in Fig. IKi, which 
.hIiows one of the many devices to accomplish this 
end. The method has tlie very positive advantage 
iif lifliving the main tmek absolutely unbroken. 

Ill Kig. 117 is shown a method of avoiding a 
break even at the switch. The switch rails are at 
the level of the main rails at the switch point but 
gnidually rise higher until the wheel flange is 
high eniMigh to cross over tlie main rail. Such 
;i switch must he openited at slow aj)ee<l. 

12(). Mathematical Design. In nil of the 
fiilldwiiig di'riionstiiitioiis, the track lines repre- 
si'iit llii' g;iugi> lines or tlie lines of the inside 
li.M.i of th.' i-:iiis. Th.- older fornmliV, which are 
slill ill eMensive use on juxiniiit of their gimpHe- 
ilv. nil iissnme tliiit llie Hwilch mils are Itent to 
mvf* (if siiiijile ciirvcs eMi'uiling friiin the switch 
iHiiiii t>i llu' Tron. iiiiii tlisit thev aiv tangent to 




< inaiii mils at llic switch nuiiil. On iiecourit of ils common 
s and alH.i lH'caus.i it forms a lUtiiig inlrodiiclion to the more 
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I'xact iiietliud, it will be 
given. III all of the fol- 
lowing denionstratious, 
thu following iiotntion 
will, for si iriplici ty, 1k' 
kept uniform. U will 
represent tho mdiiis of 
ciirvfttiire of tliti main 
traek. if it is cnrved. 
Bnd /• is the radius of 
tho 8witc.li rails. V will 
alw«j-8 n'preaent the frog 
angle, and i/ tho gange 
■ of thetniek. Lwillre||. 
resent tho "lead" or tho 
distance measured on 
the main tnu-k from the 
Bwiteh ]>oint II to the 
frjg point F. 

' The angle VOU in 
Fig.llSe.pia!Btlieai]gle 
F, andltDiHthe vers.-d 
Bino of F to the raiiins 
FO. From this relation 
we may derive the *•■ 
tioii 

al.o. liiini 111-' -;- lil) 
cot .,-F, III) - ,/ 
UK = L, ire li»v,. 

f- = .'/"il-jl' (59) 
Aim, 

(60; 





Sim.,. 1. = ,, 
lv<. tl Illlltill 



i.l -,- F, n 



1- = %« (62) 

Jim in Fig. V-ttt llie lijm QZ. drawn nji.iway l>flwet.n tLe railu, J 
l.i«i».t« DF »t Z and also, Binct. I)(J is imi.-lndf cif 111'.. IJZ is o 
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arc Mil, taii^rtMil to liutli. Tim etiiitriij atiglu of tliiti arc is tlit-n.' 
foro (F- o). a iH-in^r tlw aiijrlu (MI)N) of tiie jtoiiit rail. Tli. 

dionl Mil rnakus an an^lu with tim iituii 

rails wliiL-li cr|iiKlH 

.-^v^f: ^ ,F-«) + a:=.;(F + «) 

Call FU =/aiid MX = k. TWii IIM kIi. 
^;^ -.rlt"" + o) = £/-/fi'" i''-^- i*»t ii^ - 

"6"ffl"D ,■,._!_ J ;/)aHin-.^-(F-<x). SiiIwtitHtiiig 
iliis valiio uf ilM ill tlie prfvious i-ijimtitui 
and sulvitii; for {*■ i ., ij) weliave 



,1 -/"sin V-k . 

= i;„r„+.,,,rr (**^ 



ST- i,..in ., .V „i (66) 4 



Till. lv«.l liF I. IIM . 
(F I ai J /ins F ; l)\ 





(67) 



If,,' 



I 



.,1 l,a» »l,™lv I.- 



iurr silll]ili- to (-l)lil|lllt<' I, JlK follows; 

'' ~ I' 1 ,, ;/l Mil ( !■ - tllcos- 

(K J ,;i +/«,sF + I)N 



; F I UN 
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If tho lead is computed for a turnout from a straight track 
using a No. 9 frog, a straight point rail and frog rail of thcdinicMi- 
sions given in the middle section of Table III, it will he found 
that the lead Ix^comes 72/JO instead of Si. 75, the corresj)onding 
dimension assuming that the 
lead rails were circular through- 
out. Table III was computed 
on the basis of the above etjua- 
tions and the ]yo\nt switch di- 
mensions which are in general 
use. Tlie two references to sec- 
tion numl>ers in the table are to 
sections in Webb's ''liailroad 
Construction," from which the 
tables were taken. 

121. Turnout from the 
Outer Side of a Curved Track. When it is attempted to compute 
the dimensions of a turnout, from a curved track on tlie basis of 
using straight j)oint rails and straight frog rails, it not only renders 
the demonstration excecKlingly comj)licated, but it would involve 
assuuiptions regarding the mechanical construction which probably 
would not Ixi followed in ])ractic<.». Tlierefore the following dem- 
onstration is given with tht^ ])urp()siM)f showing the effect on the 
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switch dimensions of curvintr the main track, the switch rails l)eint»' 
circular throughout, and then drawing a reasonable inference as to 
the dimensions which should be followed for j)oint switches from a 
curvtni main track. In the triancrle FCD, in Fitr. 122, we have 
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then 



{VC + CD) :(FC-CD) : : tan -^^ (FDC + DFC) : tan -J 
FI)("-I)F(^); l)ut I {VDV + DFC) =- l>0' - J ^, and \ 
(FDC - DF(") := ., F; also FC + CD ^ 211 and FC - CD -= ;/: 

.*. 211 : V : : cot . : tan -. F 
: : cot -., r : tan -^- C 

Also, OF : VV : : sin : sin <^; but <f> = (F - ^) 

1 /,, 1 \ sin ^ , . 

•^ • V 2 *Vsin (F - ^) ^' ' 

The lead, UF = L -^ 'J (li + -J f/) sin J (9 (71) 

A study of the three e(]uations above will show tliat as tlie 
curvature of the main track increases and U throws less, tan 6 
increases and increases. Then (F - 6) decreases and /• increases. 
AVhen -- F, as it readilv niav. < F - 0) ~ i) and /* becomes intin- 

t t V 

itv. that is, the switch rails l)ecome straitrht. If 6 becomes trreater 

« > (J 

than F, sin iV-O) becomes neiXJitive and /• becomes netrative. 
Tht^ interpretation of this is that [\\c center of the switch track will 
be on tlu^ same si(h' as the center of the main track. The iitrure 
will then corres])()nd with Fio;. I2';l except that the [)ositions of O 
and (' and also of <^ and will be trans])osed and also that 'Miuiin 
track'' should read '-side ti'ack.'* Ivpiations T-J and 75 will be 
the same as l^'fore, but ecpiation 71 will be chan<^ed to 

1 ,, 1 sin e . ^ 

"■ ■: ■'" '■' -2 '"si.M^ -F, (72) 

If wr call f/ the deo;i"ee of cui'Ve correspondintr to the radius /', 
I) tlif detrree of cuive corresixindino; to the radius K, and f/' the 
deurtH' of curve of a turnout from a straiirht track for the same 
froo; auj^le F, it will bo found that f/ — //' - D verv nearlv. It 
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will also l)e found that the *• lead " as computed above and as coni- 
nuted for a 8traii£ht track will atjree to within a few inches and 
frequently to within a fraction of an inch. 

E^rainple, Compute from the above equations the values of 
L and /• (and then of //) for the cases when the main track has a 
4 degree curve and when it has a 10 curve; solve tliem for num- 
Ix^r r>, y and 12 frogs. This makes six cases. Compare them with 
values computed by the apj)roximate rule. 

In all these cases it may be shown that the discrej)ancies are 
very small. If such calculations are made for very sharj) curves 
and for very large frog angles (which must be considered j;s bad 
practice), the discrejwincies would be considerable, l>ut since such 
turnouts (if ever made) shouhl be operated at very slow speeds, the 
errors would have but little practical importance. Therefore we 
are justified in apj)lying the approxitnate rule for turnouts from a 
curved track -use the sanu' "lead " as for straijrht track; the de- 
gree of curvature for the switch rails to the ntifshlr of the main 
track will be the iltifiiunii' of the dej/ree of curve for the main 
track and the tabular value for the detjree of curve of tlu* switch 
rails; for a turnout to the ///.v/VA- of a curved main track it mav in* 
similarly shown that the proper degree of curve for the switch 
rails is the huih of the deirives for the njain track and the tabular 
value for the switch mils from a straiirht track. 

Also, since it may be shown that thi^ effect of usino; strai«dit 
jK>int rails and straight frog rails is to shorten the lead and to h*sscn 
the radius in apj)roximately the same j)roportion, it may i>e assumed 
without material error that we may aj)ply the same rule as above, 
and instead of takinjr tlu» values of ** lead "* and 'Mleirrvt* of curv(»'' 
for the switch rails from the tabular form which uses circular 
switch rails throuixhout, we may take them froiri tlu^ revised form 

CI ' »■ 

using straight jjwitch rails and straight frog rails and apply tlit* 
same rule. 

122. Turnout from the Inner Side of a Curved Track. r>y 

the formation of |)recisely similar ecpiations as were used in the 
previous section, we may derive the e<j nation 

1 , qn 

t'*"., ^ ',> (73) 

■V 1 V 
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From the triaiifrle OFC we may derive 
OF : FC :: sin 6 : sin (F + e\ from which 



sin 

( F + 6) 



(74) 




Tlu- 1ml HK = L = 2 ill -if/) ^'n 4 e (75) 

The details of the solution of the 
above e(] nations should l>e worked out 
hy the student; also a numericHl dem- 
onstration of the fact, already referred 
to, that the degree of the turnout (V) 
is very nearly the sum of the degree 
of the main track (D) and the degree 
[iV^ of a turnout from a straight 
track when the frog angle is the same. 
It will l)e found that the discre[)ancy 
in these cases is somewhat larger than 
in the previous case, although it is still so small that it may l>e 
neglected when the curvature of the main track is small. An in- 
spection of tlie figure will sliow that when the curvature of the 
main track is sharp tlie curvature of the turnout is very excessive. 
Such conditions should 
he avoided if possihir. 
that is, a turnout sliould 
not he located on the in- 
side* of a very sharply 
curved main track if it 
can !)(' avoided. 

123. Numerical 
Examples. 1. I)eter- 
mine the lead and the ra- 
dius of cui'vatuiH' for w 
turnout lo the outside of 
a 4 M)' cur\t' usina" a No. >> froo- uiid a T)oiut switch. 

« 

ti. Detennine the lead Jind the radius of a curvature for a 
turnout to the inside of a S 40' curve usiuir a No. 7 froij and 
j)oint switcii. 



Or J - 




F^:.., 



0, 



Kig. 124. 
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H7 



III Ktu^h of tliu almvu i^xaitipleij ii8(! tlie ewitdi [luiiit iiti<;]ufl. 
le;i^Ii of Hwiteli [>oiiit anil length uF Htrai^lit fro<r mils ^s ^ivmi in 
Tal.le HI. 

124. Connecting Curve from a Straight Track. Tliu "con- 
necting ciirvtt" 16 tbat [«rt of tliu Bidinif Ix'tween the frof^ uud the 
point wliunj the »i<lin^ Ih-coiiuis parallf) with the main tmck. or 
the distanc-u F8 in Fij;. 1^'4. Call </ the diatanet! betwwii truck 
renters. The anjrle K(),U ninrft eipiul tlie mifrle V. If we wdl r 
'tile nidiiis of the conneetin^f curve, we may cay 



('■■-4^) 



./ - 



l-l! 



(.-4,)^. 



]'• 



(76) 



(77) 



The distance Vll may Ik- sliorleiied soniewliiit hy ihc metlnKl 
iiidicatt.-d in Fifj. I'iSt. Theoretical aeeiiracy Wiiiilil njijHLrciitlv re. 
quire that we shonld cunijider a sliort length of strai^rlit track at 
the [K»int F". The effect may readily he shown to shorten tho 
radius /■' and to shorten the distance FU hv an amount exactly 
e»jiial to the lenjrth of the sliai^dit 
frog rail, hiit in acinul track laying 
snch a proct-dn re nii^ht he consid- 
ered a useless retineineiit. And 
therefore in this ease as well as in 
the succeedinjj similar cases, tlie 
effect of the straijxiit froji rail will he 
igiiori'd. It should likewise be n 
that the tionre has heeii drawn for 
simplicity as if the switch rails were 
circular. Itnt since the point (>, h;is 
no connection with the demotislra- i.'jy, ]j,-,^ 

lion, it is immaterial wiiat is llie 

form of Ih.- switch rails hack of F. Tliis same remark ap|.lies to 
the followinir similar ilemoiislrali.ms. 

125. Connecting Curve from a Curved Track to the 
Outside. .Vs in llie jircvious ease the only re<|niri-d ijuanliiies are 
the radins ,■ of the emm.-etinjr cnrv.- from* F to S. Fiy. I'-Tj. which 
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iiiiiHt lie (letf rtiiiiiBil from *■ and tbe anglu (— F + yfr). From 
tliB triangle CSF we may write 

CS + CF:CS-('F::t8n-^{CFS + OSF) : tan ., )*'FS - CSF) 

lnit-;j-(CFS + C'8K) = UO --:j-'^;an.l since tlie triangle O.SF 

is iaOBwles, I (CFS - CSF) --^^'■ 

.-. 211 + il : il - If :: Kut ., ^ : lan -^ F 



1 



1 



:: cot -, F : tan .,V 

1 . 2/. i'l - >i\ 

'^" 2 * = -2R + ;/- 

1 iLn trijiriglt^ COiF we may derivi- 

/• - -.,- :i : It -f „ (/ :; sin 1' : siji (F + *l 



(78) 



/ 1 \ Hi., 'P 



•V) 



(79) 



;,--(,■ ', ;,).i„ J (K+*) (80) 




126. Connectinfi; Curve from 
a Curved Track to the Inside. 

Thei-eare tlir.-o solutions atr 
iiig us V is greater lliuii, eqiui 
(ir l.-ss than'*-. Ill tlie tirst . 
wi' Tiray ri'iulily dcdiiw, as in the 
[irevinns section, from tlie ti 
angle CFS (see Fig. X2(5) that 

[•Z\l^J) :(.;--/):: cot ._,- ^I/ 

: tan ., F 



■Z\l-'/ 



(81) 
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Ami as lieforf. in ccjiiMtiuiifl 7s iiri<] T!*. wc way •lcri\ 

HM.) FS.. :»(,■- i-.v)Hin -J .K - t> 

Wlit-ii it ^ F. i-tiiiiition SO will U'l-oim- 

tu„ 4 '■■ = 4, = ^ sk'^"/' '■• - '■ 

21! -,l = iir {,/ - .,) 
Tliix (-(jnalicm ^ives tile vuliic of I! 

U'llit'll limkl^ tlliH CDIIllitiuil ]MMsill]f. 

If wtf iiiajie K -- ^ ill eqimlidiiH Si 
tiiiil Hi, we tinil ill till- tirBt CJise 1)1111 
/■ ix iiifiiiiti-, wliicli tiieiiiis tliat tin- 

tnick it ptmiirlit. mill in tiie sec 1 

ciitu^ tliat FS — iiiliiiity liiiicH yen 
wliieli in "iiiiietiTiiiiiiate." 1-iit fnni 
tile lijiiir.' itself we iimv leiiililv a- 
tliiit 

IS.-(l! .Vr/)'"!'!' '8S 

Wllell [■ < V «V lllllV llelive tile Vlll f lull 



(82) 
(83) 





tile ailile lllj.'el.lllil-lllly lis ill 
e.|iiiiti..ii M. iiltli.iiiKli llie 
(i^iire issiHlitlVi-eiil. ISytlie 
silllle llletlliel lis liefin'e «V 
lililVllerile r.irllie Mllue .if,' 



^86) 



Fiir. lat. sill ("V - I 
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127. Crossover Between Two Parallel Straight Tracks. As 

ill thu previous cnaes, iLltlioii<r1i ihts figures are drawn for simplicity 
with awitfli railH na aiinply curves, the demon si rat ions only 
involve the frog angles and tlie na- 
ture of the track beyond the frog. 
The hett<T method is that shown hy 
tlie full lines, when the track is 
fltraiijfht between the frogs. But 
this cousnines so much of the main 
truck (many times what is indicated 
in the distorted fignre) that a re- 
versed curve (as is indicated by the 
dotted curves) may Imj used. Tlie 
length of llie straight prossover track 
is F,T. 



gz_^ l-V Di. 

~ih, rti To 



KiB, I J 



F,T Hin K, + </ ci>8 F, = •! - <j 

1-,T= Ji„"J' -f/fJtK, (88) 

TIic total distance along ihe track is 
I IV I >,!■', '■ VI', Fl>, l>,K, l-.\V-VF,4 F.IV 
11 \V -(./ ;/l <'ui F, inil W: ,j :- sin F, 

IIV l),F, I ,-/ -,,M-,.I F, 

]>,F, (89) ^NV 



Mil F, 

If ii ivvrt-.rd .■iinf Mill 
e.iu;il fn.<£H is ii.r.l. \\r ^^ 11 
luu- lIlernM-InH'lioli IIS \, 
il)di<'i<l.-d liv liu' linlti-.! lill.'^^ 
atid «.■ liiiv'r 



•]'S f 



(90) 




IMJ - -IrAnO (91) 

If il siiimld fnr ituy riMsiiti In- iiiM-i-ss;iry to nse frogs of dilTer- 
si/cs, it iiiiiy Im- iliiiic. Iiiit tlie |i(iiiLt of reversed curve, instead 
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of lieiiij* ill tlie exact center, will Ik* as is iiidicateil in Fiy. IBO. 
Ill this case we will have 

i\ vera d ■+■ i\ vara = il 

■•■™"«=,t4?. <^'=') 
Tbediatance along the trttck 
will depend, as before, on the 
length of ibe "lead" for each 
switch. If it were circular, 
as indicated in the figure, we 
would have 
B,N = (,-, + »0 Bin e (93) 

but the true lead for point 
switches wonld be less than 
this by the difference be- 
tween the trne Land (c + 

— ij) sin I". Tlierefore, this 

correction slionld be couipntedand snlitracttil for each switch, 

128. Crossover Between Two Parallel Curved Tracks. In 
the previous case there is no priiclical limitation as to frog iiiint- 




bers, Imt in this case theru 



i limitations on what fru 



) [ler- 




missible. If the coiini'ctini^ trat-k is utraiglit, thei^* are still tbRv 
cases depending on the value of lv„ aa in section 1)21. Two of 
these cases are illustrated iu Figs. 1:U and I'ii. The following 
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dfiimiiKtrHtiiiiifl a[i[)ly to botli tifjurea. If on** frog (^'[) '^ (.'hoaen, 
tiifti [*\ liei-oiiies <leteriiiiiit^d na h fiiiictiuti uf F,. If F, is the atiglu 
for soirit' even frog iiiiiiil>er, F^ will in geuenil l>e an angle thai 
d«x-s not forreajwnd to any ev«n frog niunher and therefore will 
nee<l to lie made to order. If F, ie less than some limit, dejiending 
on the width (r/) lietwtvn the parallijl tracks, it will be impossible 
to have a straight connecting track, and at some other liinitatioii 
it will be itiiiM)9sil)Ie to have the reversed curve connecting track 
shown later. In Figs. 181 and 182 assume F, as known. Tlien 
F,n - (J SMr V,. In the triangle IIOF, we have 
Hill IIF,<) isin FJIO : : HO : F,0 



bill .in FJIO r^ coa F, ; IIK.O = HO" + F,; 



sin IIF.O-. c(w F,; 
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W 



>?' 






If the counectiiig curve is made a reversed curve, as is shown 
in Fig. 133, the frogs F, and F^ may he chosen at pleasure (within 
rather close limitations, however), and this will usually ])ermit the 
■doptioB of regular standard sizes and will not necessitate the mak- 
ing to order of special sizi^s. We may then consider that F, and 
F, are known and that they are eijual or unecjual as desirrd. Km- 
ploying formula 29 in Table XXX, we may write 

2(S- ()(),) (S- <)(),) 



in which 



vers ^ = — ^ /T7 






bat 



OO. 



li-f .> '/ '•, 



OO. = K - 



o 



r/ + /•.. 



o, o, = 



- /•, -T /', 



.-. S - .^ (2U + 2/j ^- U i /'. 
8 - OO, - U + /■, - U -\ ■ , ,1 - r, --. 



;.'. 



S-OO, = Uf/_,- U - ., '/ t- '■ 



/' -^ /' 
' 1 ' •' 



i.l: 



'. vers ^ - — 



f •'"i - '■.. ■• .) '/!> 



(\i- .y <l r '•^[M i -., f/-/-,) 



(96) 



sinOO, (), = 



OO, 



li + -o '^ - '•■ 



/■, r '•, 



o, o, 1) = >ir + o, o, o 



(97) 
(98) 



NF, = 2 ( II - 



., <t - ., U) '''» .) (^- ^. - ''/)(99) 



The chief advantacea of iht^ above metli(xi are that it not only 
|>ennits the use of standard size froths, hut also uses uj) less of the 
main track between the extreme switch points. 
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129. Problems in Switch Computation. 1. A siding runs 
off from a straight main track, using a No. 8.5 frog. The distance 
betweeij track centers is 13 feet. ANHiat is the radius of the con- 
nectincT curve and its length ? 

2. A siding using a No. 9 frog runs off from tlie outside of 
a 4 ' 30' curve. What is the radius and length of tlie connecting 
curve? In all of these problems, consider the distance between 
track centers to be 13 feet. 

3. Using the same frog, a siding is to run to the inside of 
the same track. What will be the radius and length of the con- 
necting curve ? Until ^ is computed, it is impossible to say which 
of the three ])Ossible cases will be used, but the solution of equation 
80 immediately decides that point, which will show that ^ is 
slightly greater than F, but that the difference is so little that the 

resulting value /• is very great, -j- (^ - F) is such a small angle 

that Table VI must be used to determine its sine. 

4. If a crossover is to be run l)etween two straight j)arallel 
main tracks 13 feet between centers, using No. 8 frogs, how much 
will be saved in distance measured aloncr the main track bv usinff 
a reversed curve nitlier than a straicrht track ? Since tlie iliiftrrnrr 
in distance is called for, we may ignore in this solution the abso- 
lute leno-th of the switch rails and consider that thev would be the 
same in either ease. 

5. luMjiiired the dimensions for a cross-over between two 
main tracks which are on a \ 30' curve; the distance between 
track centers thirteen feet, the frofr for the outer main track ( F, in 
V\\\. 120) is No. U; V, is No. 7; the connecting curve is to be a 
reversed curve. When the radius of a double main track is given, 
it lui'ans the radius of the center line between the two tracks^ AVe 
must, therefore (as indicated in Ki(£. 133), add and subtract (».5 to 
the radius of a 4 30' curve (1273. (>) to obtain the radii of the 
centers of the two main tracks. The tit£ure and forniulte allow for 
this. Since ]K)int switches would unquestionably be used, we 
must determine /', and /'. by the method outlined in §121; K, the 
radius of the outer main track — 12^0.1 (^^which means that I), = 
4 20'), while li, the radius of the inner track = 1207.1 and D., = 
4" 31'. Then by the rule of ^121, t\ = radius of (</, + D,) "^ curve 
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= radius of (7" 81' -f 4 2U') curve = !-7S.:U; r, rr radius of 
(//, -f I),) curve = radius of (12 2iV - r 81') cuivtv=- 724.81. 
//, and J, are the dec/rees of curve given in the first section of 
Table III as being suitable for a No. and a No. 7 frog on a 
straight track. Obtain 0^ and 0., by substitution in equations (>9 
and 73. It will be found that the point of reversed curve conies 
but a fraction of an incli from the frog point F,. If the computa- 
tions had apparently indicated that the point of reversed curve 
would come beyond either frog point (or between either frog and 
its switch), it would have shown the impracticability of the use of 
a No. 7 and a No. U frog under these ])articulHr conditions. It 
shows that in this case the limit was practically reached. 

T). Solve the same problem using a No. U frog in both cases. 
In this case it will be found that the total lenorth of main track 
between the extreme switch j)oint8 
will.be somewhat increased, but 
that the point of reversed curve 
will be nearly midway between 
the two tracks, as is preferable. 
A comparison of the two solu- 
tions will then show how close 
are the limitations in the choice 
of frocjs to be used. 

i3o. Practical Rules for 
Switch Laying:. The following 
directions are based on the meth- 
ods previously given for allow- 
ing for the effect of straight ])oint rails and straight frog rails 
when used from a curved main track. AVhen the j)()sition of the 
switch block is definitely determined, then there is no choice luit 
to cut the main rails wherever the location calls for, but as the 
main track rail would be merely bent out to form the outer switch 
rail, there need be no rail cutting near the switch point, exct^pt 
that a rail-joint in the main rail should not come at or near the 
switch point. Tlie frog lias a length of from six to nine feet. A 
movement one way or the other of less than ten or twelve feet will 
brincjf one end of the frotr at an existint; joint and thus save one 
rail cutting. 
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After having definitely determined just where the switch is 
to be located, mark on the rails the points B, I) and F in Fig. 134. 
Measure off the length of the switch rails DN, and locate the point 
M at the distance k from N. If the frog must be placed during 
the brief period between the running times of trains it will l)e 
easier to joint up to the frog a piece of rail at one or both ends of 
just such a length that they may l>e quickly substituted for an 
equal length of rail taken out of the track. When the frog is thus 
in place, the point II becomes located. The curve between M and 
11 is a curve of known radius. Substituting in equation 54 the 
value of ihortl and R, we obtain ar, or db in Fig. 135, which is the 
ordinate for the middle point of the curve. Then a" a and /-^ c 
will l3e three-fourths of dh. Theoretically this will give 
a parabolic curve, but the difference \\\\\ not be appre- 
ciable. Having located and spiked down the rail IIM, 
the o])po8ite rail may be easily put in at the projier 
gauge. 

Example. Locating a switch on a cnrved ma in 
track. Given a main track having a 4'^ 30' curve, to 
locate a turnout to the outside using a No. 8.5 frog; 
ivjiu^rt., \ ft. S-A m.\t = a.l^er; k = 5^ in.; DN = 15 ft.; 
and a - i 50'. Then for a f<trai(jht track /' would = 
<*)()(). U4 [d = 1) iViV), For the curved track d should be 
niNirly (1^ 38' - 4 30') -n 5 03', or /• = 1134.U. L for 
the straight track would be Hl^fJO, but since the lead is 
slightly increased (say about 0.1 see ^ 121) we may call the lead 
00.7. although this diit'erence would be absolutely iuiperceptible 
after the track was laid, so far as train running was concerned. 
After locating the switch and frog point as described above, the 
frog and the switch rails should be placed. The chord ST is given 
in Table 111 as 51. 3S; the chord IIM would be al>out 0.2 longer 
and curving the main track would make it slightly longer still. 
The best method is to measure it directly, but it should measure 
al>out 51.r). R = 1137.25. Applying e(juation 54, we have ./' = 
51.0'-:- (S X 1137.25) = 0.203. the ordinate at the middle point. 
The ordinate at the quarter-points is 0.210. 

131. Slip Switches. The com|)licated demands for switch- 
ing in yards and terminals have been greatly assisted by the device 
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known as slip switches, illustrations of wlticli are shown in Ki^. 
13f> and lilT. Fig. 136 bIiows a "single slip " in which the two 
middle frogs am (iXi-d, although the system of movalile frogs illus- 




li-iit.-d ill Fi;:. i:iT is >-^^|„-(-i.dly ;i|>]ilical.l,-. TIr- doiil.U- slip switch 
illitslniu-il in Kiir. l:tT iiiakrs il [,(,ssil,le for a irain i,-oi.iing on .-ilht-r 
travk 11. niii iliifctiy "ii to cilli.-r of llie o|i]iosing lines. Il shiml.l 
}■(■ noted tliiit the mwhariisni is made inter- 
locking so lliat the setting of ii iiwiu-h at one 
end will riiiiiitlltineonsiv ^et tile switch at tin- 
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, ^\ 132. CrossinRS. Wlien two lailroaile 

er<.ss eneli ulher or even wlicn it is desired 
to Inive ..lie line cross an<,tlier witliout hiivinr 

used. If Ilic angle should he smalf, which is 
vciy iindesiral.lei the nieth(«l of movahlc fn.gs, 
slin'wn hy tlicerussiiit,r of the inner main rails 
of Kig. 'l:i7. nniy l.e used, lint tlie lines 
^hollld he re.|niivil toerosseach otiier as neftrly 
lit angles as [lossihie and then a liolted or riveted set of 
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13^, may l>e used. In general these crossings will need to be 
made to order according to the angle between the two lines. 
Since such crossings are sometimes operated at very high spc*eds 
the construction must be esj)ecially strong and rigid. When both 
tracks are straight the frog angles are identical, or more strictly, 
two of them are ** complements" of the other two. When one or 
both tracks are curved, all four frogs will be different and the 
computation of their exact value becomes a somewhat complicated 
geometrical prol)lem. The mechanical construction need not be 
essentially different from that shown in Fig. 138. 

i33. Crossins^. Our {<trtt'n/lit nutl <n\r ctuvcii track. In 
Fig. 139, R is known and also the angle M, made by the center 
lines at their point of intersection. 

M = NCM and NC = K cos M 
then (U - -.^ ij) cos F, i= NC + ., fj 



\i cos ir 



-r 



.'. COS F, — 



1 



li- o r/ 



Similarly it may be j)roved that 

U cos M 



cos F., = 



1 



1 



cos F, — 



li + -o r/ 



K cos M - -^ V 
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To find tlie relative positions on the tracks of tiie frogs, we may 
write 
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JIF. 



F F 



(r + "2 sr)8in F, -(r --2-.</)sin F, 

(R-4y)(8inF. 

(r +-2-y)8in F, 



sin F,) 
(R-i-y)8inF. 



J-(iOi) 



J 



It should l)e noted that F3F^ will not be exactly equal to F,F, al- 
though the difference will be very small. 

134. Crossing:. Both tracks curved. The angle of the tan- 
gents (or radii) at their point of inter- 
section is a known quantity (M) and 
also the two radii R, and R^. But 
since we must deal directly with the 
radii of the inner and outer rails of both 
curves, it will be easier to immediately 

add (or subtract) -7^ </ to R, or R.^ and 

thus obtain r,, 7*2, r^, and /\, as indicated 
in Fig. 140. Applying formula 29 of 
Table XXX to the triangle F.C.C,, and 

calling .Vj= -y (c* + /*, + /\), we may 
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Similarly in tlio triann;lt' F.(\C'„ let .v, 



.;, (^' -t- '■, + /'.) 



1 



and ill tin* triantrlt' F,(\(\, let .v. = -.-(<• + /'. 4- /'.,) 



and in the triaimle FT\(\, let a-, 
and then we may write 

2 (x^- /•,)(^- 
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o-K + '-. + ^*J ^102) 



VlTS !•". 



VI' r 



s F 



/•,/■ 



vers F. ^^ -^ 



~ (•-■.- '■..M-\ 



".) 



/•:,) 



>■> 






%AA 



RAILROAD ENGINEERING 161 



To determine the length of track between the frogs we may write 

sin C,C,F, = sin F, -^ 

and sin Cfi^F^ = sin F^-f 

.-. F,C,F, = C,C,F, - C,C,F, (103) 
Knowing the angle F^CgF^ we readily determine that the chord 
FgF^ = 2r^ sin -^ (F.^C2F^). In a precisely similar manner the 

chords F,Fj, F^F^^ and F^F^ may be computed. As a check, it.should 
be found that all these chords are nearly although not quite equal. 
Likewise the mean of all the four frog angles should be within a 
few seconds of the value of M. 

135. Examples. 1. Determine the dimensions and the frog 
f.ngles for the crossing of a straight track with a track of 4" curv- 
Lture (as in Fig. 135) when the angle M = 72 18'. 

2. A 2^ curve crosses a 4^ curve as in Fig. I-IO, the angle M 
btMng 52^ 20'. Determine the frog angles and the chord lengths 
between the frogs. 

YARDS AND TERMINALS. 

136. Value of a Proper Design. AVhen a freight train arrives 
at a terminal yard, which is generally in a city of considerable size, 
with one or more other railroads or branches, the train load will in 
general be made up of some cars which will need to be shifted to 
some other road or division or to be shunted on to a siding where 
they may be unloaded. If the character of the train is mixed, 
partly coal and partly general merchandise or grain, the coal cars 
must be sent to their own tracks and the merchandise to theirs. 
A ""division" point of a road is frequently the terminus of one or 
more branches as well as the point where freight trains are perhaj)s 
made up anew, especially if the ruling grade on adjacent divisions 
is so different that the train load which can be hauled by one engine 
is very different on the several divisions. 

A little study of these facts, together with others which will 
readily suggest themselves in this connection,' will show the vast 
amount of work which is necessary in sorting out the cars in a yard. 
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Often the road engine is cnt off from the train as soon as it has 
brought it to its proper place in the yard, and the distributing is 
done entirely by switching engines. But the work in large yards 
is so great that several engines w ill be required for the work. The 
cost of running a switching engine per day may be figured as 
approximately $25. If the design of a yard can l>e so altereil 
that one engine can be dispensed with, or that three engines may 
be made to do the work which formerly required four, we wouhl 
have in 813 working days j)er year an annual saving of §7,825, 
which capitalized at 5%, gives $156,500 which is sufficient to 
reconstruct almost any yard. 

As will be developed later, such a saving is by no means an 
impossibility. The requirements for space for water stations, ash- 
])its, coaling stations, turntables, sand and oil houses, engine houses, 
etc., and their proj>er arrangement so as to avoid useless running of 
the engines, is another feature which shows the value of a system- 
atic design for a yard. When a yard is being constructed at a new 
plact*, it may be designed on the basis of subsequent work, no matter 
how little of it is immediately constructed, but very many yards 
were laid out when the now recognized principles were unknown. 
Siil)st*(|iient mlditioiis have only made a bad matter worse until it 

is siHMi that an iMitirc re-const ruction is necessary to make the yard 

* • 

what it should \k\ 

137. Freight Yard^. General Principles. A yard built on 
an ideal |)lan is in o("neral an impossibility. Topographical con- 
siderations usually iiitluence the ])rol)le]n to such an extent that the 
only method is to study the location so that certain fundamental 
j)]"inci|)le8 may be ap|)lied. 

1. A yard is a classifyino; machine for receivincr, sortintr and 
(lespatchintr cars to their several destinations as I'apidlyas possibh\ 
Its elHciency is measuriMl by the I'apidity with which it accom- 
plishes this and the economy of motive |)ower which is reijuired. 

2. At a yard which is the terminal of a division the freiirht 
trains arc pulled in to a •Mvceivino; track"' so as to get tliem out of 
the way and oil' of tlu' main track. The I'oad i^nt^ine is then run 
oif to the eni^ini' yard where it is cleared of ashes, loaded with 
water, coal, sand, etc., and otherwise j)repared for its next trip. 
IVrhaps tht» caboose is run off to a ''caboose track" the location of 
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which is mu<]e convenient. Then, 
if the train is n "throngh " freight, 
another engine and caboose may lie 
attached and it may proceed iin- 
lii-oken unless a change in niling 
grade requires a different train load. 

3. Tliere are certain tracks in 
a yard which may he considty;ed thf 
skeleton of the yard. On theso 
tracks no trains should lie alloweil 
to stand except temporarily- Snch 
tracks, shown in Fig. 141, in which 
each pair of rails is indicated liy a 
single line, are callwl" ladder tracks.*' 
and from these the storage tracks 
are run in parallel lines. Other 
through tracks are indicated on the 
plan. 

4. The storage tracks shonld 
usually lie made douhle-emled or 
with a la.lder track at each end. 
This nsnally facilitates the switdiing 
by permitting one or more cars to he 
drawn from either end without dis- 
turbing the cars at the other end of 
that track. 

5. In recent years many yards 
have l)een made bv crealing an arti- 
ficial hump at such a place that the 
grade from the ladder tracks on to 
the storage tracks is aKiut O.ij jier 
cent. This creates a gravity force 
of 10 |iounds per ton which is suf- 
ticient to cause a car to roll by gravity 
fi-oui the ladder track on to any stor- 
age track to which it may be di- 
recte<l. In this way a train of cars 
on the ladder track may Ik- distrib- 
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Hted to tlio varioiiB atorag© tracks with great npidity. Incident- 
ally there is no dHiiger of a car mnning out from the storage track 
on to the ladder track. Symmetij and 
economy of space will asnally require that 
the frogs and the switch dimensions of the 
switches mnning off from the ladder tracks 
shall be onifonn. No. 7 fn^ are very 
commonly osed; fn^ with a lai^r frag 
nnmber make an easier riding track, bnt 
they reqnire more space, and limit the 
space which may be used for storage. No. 
and even Ko. 5 frogs are sometimes used 
on account of the economy of space which 
is thereby obtained, but it makes hatder 
rolling and greater danger of derailment. 

■38. Connection of Freight Yard 
with Main Tracks., As a general princi- 
ple the main tracks shonld be as clear as 
|H>s8ible from the yard tracks so that pas- 
senger traina may mn throngh freely at any 
lime wiiliout even tlie danger of a collision 
with any freight ears or of interfering with 
the work of the freight yard. This prac- 
tieiilty means that there should be no cross- 
ing of the main tracks by any tracks used 
ill yard ojyerations and that the connection 
shunid Ih) only where it is desired to run 
from the main tracks on to the receiving 
trucks mid tliat here the switches shonld 
1k' tluironghly protected by signals. The 
ideal cunstriK'tion is to have (on double 
Inick roads) all opposing tracks cross over 
111 \nn\i}T each other so that two trains will 
never apjiroach the same point of trac^k 
except when tliey are moving in the same 
dir<.-etion and then the danger of a collision 
will 1)6 largely averted. The receiving 
tracks (vt similar tracks) should be utilized as "departing tracks" 
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on which outgoing freight trains may wait for their signal to start 
without interfering with any passenger traffic on the main line 
tracks or any shifting work in the yard. 

139. Minor Freight Yards. The name applies to the local 
collecting or distributing yards which are located in parts of a 
great city where the freight business is especially large. The cars 
are brought to these yards by means of long switches or by means 
of floats when the yard is located on a water front. The special 
feature of these yards is the fact that since they are always located 
on very valuable land, great ingenuity is required to utilize the 
limited space to the greatest advantage. This usually requires 
excessively sharp curvature, which may be limited by the fact that 
car couplers will not permit the car bodies to nmke an angle with 
each other much if any over 20 . This permits the use of radii as 
short as 100 feet, but this must be considered as about the limit 
Radii as short as 50 feet have been used in some yards, but in that 
case an extension coupling bar is placed between the cars. Yards 
for receiving or distributing freight should be provided with team 
tracks which are made stub-ended and which are preferably placed 
in pairs with a sufficient space for roadway between each pair. 

Figures 141 and 142 are ideal plans which were submitted to 
the American Railway Engineering and Maintenance of Way Asso- 
ciation at its meeting in March, 1902. As '"• ideal" plans, it is not 
Bupj)08ed that they can l>e literally adopted, but a study of them 
will show their general conformity with the principles stated above, 
and also will be suggestive of ])lans adapted to the local conditions. 

i4o. Freight Yard Accessories. Trifck .srafcs. These are 
for weighing freight cars on the track. AVhen, as is frequently 
the case, the scales are located on a much used track, an auxiliary 
pair of rails is laid about six inches from the scale rails and con- 
nected with them by a split rail switch at a suitable distance from 
each end of the scales.' One auxiliary rail is supported on the side 
of the scale pit and the other on several posts which run through 
the scale table floor. It has been found practicable to weigh a 
whole train load even in motion by running it very slowly over the 
scale tracks and noting the scale reading for each car when it 
becomes central over the pit. 
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Cranes. The frequent transportation at individual loads 
weigliing many tons requires the use of some sort of nnloader, 
which may vary from the temporary '-ffin pole" to a traveling 
crane which strides one or more tracks and a roadway, and which 
may travel on rails parallel with the switch tracks and also has a 
"traveler'* which runs perpendicular to the tracks. The donhle 
horizontal motion (as well as tlie vertical motion) permits the 
loading or unloading between any car and ui^n placed within its 
range. While their use is somewhat limited, there are occasions 
»-)ien they are almost indispensable. 

i4i. Engine Yards. The ideal position for the engine lionse 
with its ac«!8Sories is iti the twnter uf the >*&»!, aa is shown in Fig. 




lU, Till' iu'i-i'SMU'ii's iif nil iTiiriiie iiontif urn sliowii in the ideal 
|jl;iM of VU^. 14;(. Tlif jilaii uf tln! i-iiiilvr jiit, which is shown in 
(li-lJiil, jilhms for n jiit aUtnt fmir feet deep nnder two tracks on 
which the eiigiiifs run, niid into whicli llie allies can be directly 
tlinti[xil. These tracka iiro eaeh side of a depressed track which is 
Slink lu aiK'h ti depth that the »idvA of a giiiidulii ear will Iw below 
the bottom uf the ashpits under ttie eti>fine tracks. The dnni|>ed 
ashes ciin therefore lie very easily ahoveled into, tlie car in the 
depressed ti-ack. 
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Passenger terminals for large cities are structures which 
demand the services of an architect rather than an encjineer. The 
engineering features are largely those of elevating or depressing 
the approaching tracks so as to avoid the grade crossing of city 
streets, and all such problems must be solved individually. Those 
who wish to study the subject further may find it treated very 
fully in '* Buildings and Structures of American llailroads," by 
Walter G. Berg. 

SIGNALING. 

The following description of signaling is not to be considered 
as a complete course on the subject as that would require more 
space than may here be devoted to it. The discussion has been 
condensed to such fundamental facts as every railroad engineer 
should know. The development of the science has been so rapid 
during late years that one must follow current engineering litera- 
ture to keep abreast with the progress of the work. A student 
desiring a more throrough course in the groundwork of the sub 
ject is referred to " The Block System," by B. B. Adams (284 
jyages), as well as to similar but earlier works by W. II. Elliot and 
W. L. Derr. 

142. Systems. AV^hen railroading w^as still in its infancy 
but tratHc had so increased that rear-end collisions on double track 
became an imminent danger, two general plans were suggested and 
tried to guard against such accidents — (V/) the time interval system 
and {//) the space interval system. Although some traces of the 
first system are still to be found in train order systems and in 
operating rules and time tables, it has been found inadequate for 
the operation of heavy traffic. When trains are run close together, 
even a short delay becomes a source of danger, which is only par- 
tially obviated by vigilant work by the rear tlagman, and even this 
safeguard is only obtained at the expense of further delay in wait- 
ing for the flagman to return to the train after the cause of the 
delay is removed and the train is able to proceed. The space in- 
terval system has therefore become the basis of all modern systems. 

Considered from another standpoint, the methods of handling 
trains may be divided into two general classes — (ft) the telegraphic 
order system, in which men at different parts of the line receive 
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nnliMs hy irli'^rapli ivf]pinling tlii» movements of traius which will 

soon pass tluMii and who cominnnicaU* these orders to the trainmen 

citluT vcrliallv or l>v sicrual, and </>) those systems under which the 

sit^nals at any point are controlled by mechanism at 

adjiuvnl }K>int8. Tlie fuudumental difference between 

till* two systoniH in that in the tirst case a blander by any 

L /C^ *"" of sevrnil men may cause an accident; in the second 

case, l»liindors are, to a oonsidenible extent, mechanically 

inipossihie, and wlien made are generally immediately 

ap|Kirrnt to one or more others, and may be corrected 

in time to prevent an accident. 

'(■ ® The first system includes the method hy which a 

I larcro jiroportion of the trains of the country are operated 

— tin* "train order'' system, which will not l.>e here elah- 

« 

orMii-il since *' sii^nals *" are not a necessary featnre of it. 

I'lidrr tills mi'thod the train crew rweive their orders, 

issiu'd hy till' train despatcher of the division, which 

ai\* written out hy the telej^raph o[)erator at the local 

ol otlicf when* nreivrd. The train is then run in accord- 

I anct' witli sufh onh»rs until it reaches the next train 

-U ;^) nr<lri' ollii'i*. Tht* lirst systt'in also includes the simple 

i ni;inu;il >\>^ti'iii, dc^(•^ilH•(l in tlu* next section. The 

various ^v>irnis of conlrollincr tlu» sicrnaliuir. culminat- 

iih"- ill lilt- ;il»M»hilclv automatic system, will lx» succes- 

C 1 

ol ^. riN«'l\ ^ll■^r^ilM•d. 

t -^ 1 4.1. .*=»imple ilanual System. lu this, as in all 

'i 

oilier Mock sNsh'iiis, the loail is dividt-Kl into sections 
or •• Mocks'" whose h-iiiiihs arc varictl somewhat to suit 
the iiictluMl :i<h)|itet| and the natural conditions, and 
al>(» ;ire iiirnle rtnij^hlv proportional to the tratHc. For 
exriinph', on ihr main iiiu* ol' the Pennsylvania Ilail- 
fo.-nl lielweeii rhiladelphia ami llarrishurcr the sections 
KIl'. n-4. ha\'e an avcr;»ii;e ienjith ol' a little over two miles, a 
h*\v ai'r four mile- l<)nix, ami some (especially where the 
siihm'han iratlie is heaviest! are less than one mile lon^. On the 
other haml, on a imkhI with less tralli*' ialthou<^li sutKcient to re- 
(iiiire the liloek sy-tem ), the hloeks mij^ht have a much rrpt^ater 
leiij^ih. ■• Ahsolnie" hlockin«x forhids the entrance of a train into 
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a block until the ])receding train has |)assed out of it. This prac- 
tically means that the trains must average considerably over one 
block apart, since train B (see Fig. 144) cannot enter the block 
(2 -1) until train A has passed out of that block, and the fact is 
telegraphed back so that the signals at (2) iiiay be set for train B 
tb enter the block. Train C and the succeeding trains must vir- 
tually maintain the same interval even though they temj>orarily 
move up closer. At a freight train s|)eed of 15 miles })er hour, 
trains could be run through blocks five miles long at intervals of 
twenty minutes plus the time required for signaling l)etween sta- 
tions and for the trains to pass by the signal station. Under the 
simple manual system the rules of opt^ration, although varied in 
detail, are essentially as follows for double- track work: 

When train A has passed (1) the operator there telegraphs the 
fact l)ack to (2), and then the oj)erator at (2) knows that the block 
fro.n (2) to (Ij is clear and that he can admit train B to the block. 
If train B does not arrive at (2) for some time afterward, (2) 
shonld obtain definite word from (1) immediately Ixjfore B is due 
that the block is clear, since it might have l)ecome obstructed by 
switching operations or otherwise. As soon as train B has passed 
(2) the fact is telegraphed back to (3), which informs (8) that the 
block (3 — 2) is clear. The method of communication is usually 
by the ordinary Morse alphabet, but since the facts to be commu- 
nicated are very few and simple, a system of taps on electric bells, 
which can Ik^ more easily and (juickly learned than the Morse 
alphabet, are sometimes used. During recent years even the tele- 
phone has l)een used for this pur|K>se. Some of the mechanical 
details of this method will l>e given later. Each road em])loying 
such a system has a more or less elaborate set of rules governing 
the operation of the signals, whose object is to make the work as 
mechanical as possible, to guard against giving wrong signals and 
to loc»ate the blame when an error is made. 

It should be noted, however, that there is nothing to prevent 
a sit^nalman from H»vincr a "clear" sicjnal, when he should show 
a *'8top" signal, even when he has been instructed otherwise and 
Inis })erhaps rej)orted by telegraph that he has obeyed orders. In 
short he is not *' controlled," and in case of an accidtMit tbtM'e is a 
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question of veracity l)etween hi in and the engineman. The sys- 
tem has the merits of cheapness, since the signals may be of the 
clienj^est form and the intercommunication may be done by the 
L'heapest form of telegraphic circuit. 

PeriiuMHtve lilockuty. There is a variation of the "absolute" 
system which is also applicable to some of the following systems 
and which facilitates traffic although at some sacrifice of safety. 
Under this system, a train is allowed to proceed into a block even 
though there is a train still there. But the train must be under 
** |)erfect control " (some rules limiting the speed to six miles per 
hour) so that it may l)e stopped very quickly if necessary. By 
this means, the delay of a succeeding train, and perhaps of several 
following trains, is very greatly reduced. Of course such a prac- 
tice re(juires extreme caution to avoid accidents, and there are very 
minute rules to be followinl when such running is })ermitted at all. 

When heavy ])as8enger trains are run at a speed approaching 
()() miles per hour, it bec*omes impracticable to make a ^'service" 
stop much within 1,500 feet. Although a stop nuty be made in a 
much shorter distance, it induces very severe strains in the rolling 
stock and hence should be avoided. But since it is frequently 
iin|)()ssil)K\ oil account of curves or other ol)Structions, to see sicr. 
nals mon* llian a few jiuiidred feet away, an enfjineman dare iiot 
a|)])r()ach a ^•jiome"' sitrnji] at very high sj)eed for fear a stalled 
train may 1k» iininediately beyond it. Therefore a •* ///V^//// .v/V/- 
//^///' which forewarns the engineman of the indication of the 
'*h()nie'' signal, is ])laeed S(H) to 2,500 feet from the home signal. 
Tlu» re(|uired distance, which for mechanical reasons is made as 
short as possible, e\cej)t as noted below, de])ends on the grade and 
on how far from the signal it may be clearly seen. 

When the distant signal is set for *• clear," the engineman 
knows that he may proceed at least as far as the srcofu/ home 
sio;nal ahead; when it is set for *' caution," he knows that he may 
proceed at least as far as the next home signal, but he must expect 
to he sto|)])e(l there and he must have his train under such control 
that he can stop there if re([uiriMl. Sometinn^s the signal l)ecomes 
cleared by the time he reaches the home* sivrnal and there is no 
actual delay beyond a slight reduction in speed, but the indication 
of the distant signal enables him in any case to approach the home 
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signal confidently, knowing beforehand that it will be ** clear" if 
the distant signal was '* clear." In any system where the signal- 
ing is "controlled," such a distant signal is locked so that it can- 
not indicate clear when the home signal indicates stop. Under 
the '* automatic" systems the distant signal is usually placed on 
the same post as the home signal for the preceding block. In this 
case, w4ien the distant signal indicates clear, the engineman knows 
that his road is clear for two full blocks, but he may have to slacken 
speed when he reaches the next block station. 

144. Controlled Manual System. In the pre- 
vious system the only connection between the signal 
stations is the telegraphic communication of informa- 
tion. The "controlled manual" system includes the 
following essential elements. The signals at each sta- 
tion are locked by electromagnets which are controlled 
electrically from the signal station ahead. AVhen a 
train approaches (^), [1) must notify (^) of it. If the 
last ])revious train has passed (2) and there is no other 
impeiliment, (2) will unlock (7)'s lever electrically, so ' 
that it is possible for (i) to set a clear signal. After 
the train has passed (7), the signal at (/) is set for 
the "stop" })osition. It will then be impossible for 
him to set it clear again until j)ermitted to by [2). 
Knowing that the train is coming, (^) inquires of (^3) if 
the block (2 — 3) is clear and if so [3) will unlock (^)'s 
lever so that it can be set for clear. The above is the 
simplest and earliest form of such a system. 

The chief advance over the simple manual system 
lies in the mutual control of the signal offices on each 
other. A signalman cannot set a signal clear except by 
the action of the next signalman ahead who thereby 
certifies that the block ahead is clear. The chances of 
error are thereby decreased. The electrical control is 
maintaineil over a *'wire circuit,'' but the system is 
made much more under control by adopting features Fijr. 145. 
which are essentially those of the automatic system. 
The two rails of the track are carefully insulated from each other, 
and, near each signal station, the abutting rails are insulated at 
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some joint l>y joininf; tlwni with ininUted joints such ■■ mi« de- 
scribed ill Bwctioo KIT. 

At B, Fig. 14(i, B tnck battery sends r cnrreDt throogfa the 
railn wbicli PDwrgizM tlie track relay kt A, fthich opermtM the ng> 
nal iiiechsnism at A. 1^ prewnce of even a 
J "gl single pair of wheels on the tnek between A 
^ ""^ k, and B, or OTen on die sidii^np to the ** folding 
I {loint," will canse the enrrent to be short-eir- 
:^ raited and it will fitil to enerfpn the relay st A. 
£ By this means it is readily arranged that when 
"^ tbe train passes A, A*b signal will antomatie- 
ally fall to "stop" and will beoouie lacked then 
so that it cannot beoome onhicked niitil the 
train passes tbe insulated joints at B. When 
the train passes B, the enrrent throngh tbe i«. 
lay will then become strong enongh to release 
tbelook and then A ean set his signal to "dear" 
if permitted to by B. 

Ttie method inrolrea both a wire cirenit 

Hiid a track circnit. Bnt when the sections are 

very loiiff, it Itecomes wry difficult to c-oiitrol the 

tnu-k c;in-|iit 80 rs to avoid teski^ and yet give 

tlio ciim^nt siifticient strength to do its reQiiired 

work. And so the method is still further (.■oiii- 

|s jilifiited by eliiniiiating loii^ Btretches of the 

trHck circuit, but retaining it in the track near 

.>H(-h Hignnl Btation so that tbe Bignals will be 

iiitoriiaticnlly o|K-mted and controlled as liefore. 

It BJiuiiIil lx> noted that if a car was stand- 

11^ oil tliti siding and was moved toward the 

■witch {mint t)y wind, or throngh malicioas iiiis- 

p. , . ,j. cliit'f ur iitlierw'ipc, as soon hb it passed the fonl- 

iiig iMiiiit the signal at A would aatomatically 

g(i U) •■stop" iiiiil the Bigrial wcmlil slay locked until the track vta 

I'li-iii'til. A hnikcn ruil would have the same effect* of lockiug tbe 

signal hikI wonhl Ktart an investigation to determine the trouble. 

145. Automatic Systems. Sonic of the principal essentials 

of the antoniatic syHturiis have already lawn described above. Some 
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of the (liflFeivnces are as follows. The iiiecliaiiical work to be per 
formed by the electric current in the controlled manual system is 
limited to unlocking certain mechanisms or unlocking the signals 
so that by gravity they will assume the '"stop" position. The heavy 
work of moving the signals, which are usually of the ''semaphore" 
ty|)e (de8cril)ed later) is performed by the signalmen. liut auto- 
matic signals must be worked by a mechanism which always has 
sufficient power to move the signals. This })ractically means that 
the signals must have such a form and be so worked that but little 
forci* Mill l>e required to move them. 

The earliest forms were targets mounted on a vertieal axis 
which was swung around by clockwork. When set for '' stop " a 
red target would show; when set for '*cle«r" the red target would 
turn edgewise and a white target of ditferent form which was previ- 
ously edgewise (or perhaps no target at all) would then show. A 
lantern, with red lenses on two opposite faces and white (Or green) 
lenses on the other two faces would be set on top of the axis. A 
weight moving up and down in a hollow iron |K)st, would l)e jR»ri- 
odically wound up to provide the })Ower. Each time the signal is 
changeil from ''stop'' to "clear" or from '*clear" to " stop" the axis 
turns one-quarter turn. One objection to the method lies in the 
fact that since putting even a handcar or a track gauge on the 
rails will turn the signal to danger and taking it off will restore it 
to clear, the mechanism will be made t» work so often that it will 
require rewinding with annoying frecjuency and then jjerhnps 
become run down and fail to work. 

To guard against one source of danger, the mechanism is 
made to oj)en the circuit and thus ])Ut the signal to **stop" just 
before it In^comes run down, so as to avoid tlu* possibility of the 
signal indicating clear when it should indicate danger. The clock- 
work svstem is still in successful use on some of the systtMns where 
it has l)een installed many years, but the more recent desitriis use 
an enclosed disk signal (described later). An important detail i.-, 
the placing of the signal 200 fe(»t in advance of the entrance of a 
block section. This einibles the ent^ineer to srr the si<rnals turn to 
dancrer as a result of his enterin<r the block an<l lu» thus knows that 

* 

there is a sitrnal nrotectint^ him until he reaches the next siirnal. 
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If the signal fails to work, it shows that there is something wrong 
with the mechanism and he will take precautions accordingly. 

Another advantage of the track circuit systiim lies in the fact 
that if a switch be o|)ened anywhere in a block, the switch being 
provided with a circuit breaker, the circuit will be broken and the 
signal will automatically fall to danger. In short, almost any de- 
fect or impediment to a clear track will be indicated by the signal. 
And herein lies one troublesome feature: the circuit is so sensitive 
that any accidental short-circuiting (even though not due to any 
defect or obstruction of the track) will delay traffic. The oppositt^ 
(and far more serious) error in operation — indicating " clear" when 
it should indicate "'stop" — will only be caused by a defect in the 
mechanism, and the record in that respect is very good, the pro- 
portion of such errors to number of signal movements being 
exceedingly small. 

146. Mechanical Details. The train order system does not 
necessitate signals of any kind, but on many roads which make no 
claim to a block signal system a signal of some sort will be dis- 
played from the local train -order office. The signal may Ik? a mere 
flag on a stick; an improvement is to hang it from a horizontal 
su])[)()rt, tlu^ lower edge being weighted, the whole being provided 
with ;i cord which is run back to the office, which permits the ready 
display or removal of the ilag. Some western railroads have im- 
proved these by using some *' home-made " signals 0{)erated simi- 
larly, but usiiiir a tariret made of thin wood or of sheet metal. 
From th'o it is but a short ste{) to the standard *• semaphore," illus- 
trated in FiiX. 147 and elsewhere. 

The scuuipiiore consists essentially of a board about five feet 
loutr, eicrlit inches wide at the outer end and six inches wide at the 
liinge i'ud. The hinge is a somewhat elaborate casting with one or 
nioie '* spectacles '" as holders of colored glass lenses. Since the 
weight of the casting on the spectacle side is usually not sufiieient 
to overbalance the weight of the scnia])hor(,' board, a counterweight 
is so attached that if the rods or wires to the siixual cabin should 
break, the signal will automatically assume the horizontal position, 
wiiich is univeisally considered as the *^ stop '* or ** danger "" signal. 
When the axis of the hoanl passes throuj^h the hinire bolt, as is 
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slidwii \u Kig. 147. tli« "clear'' poeitiun ia givi- 
Ixxml Ht an aogle of 45'. as shown ia jiofiitioii It. 

Auotlier form is to liave tlii^ 
iHiarii ci'ctnlrii! to the Jiiiip-, so 
tliiit it iiiuy Im droppt^ l<i a vi-rti- 
(■;i! {io§ition and still bIiow otitaide 
<ir lilt.' |Kist. As It (rfni-rul priitfiiile 
tif L-unstriK-tioti, the Ixmrd eliuiiM 
1h' cWrly visible even iu foggj' 
weatlii-r, and thereforu the board 
should not (.-onie down directly in 
front of the post, for in fofif«y 
weatlitT it would not K- t-k-arly 
visible and an enginenian nii^lit 
pass tliH sii^nal thinking it was in 
front uf the post, when it inifilit 
have l>een hruken off and ehonld 
have indi(.*ated danger. Fig. 147 
gliows a wooden poHt; the latest 
high-grade practice now usee iron 
|>osts with snitable castings at tup 
and iKtItom. One advantage uf 
sneh pfwia is the placing of the rodi* 
inside of the jwat where they are 
less suliji.vt ti) interference from 
■ snow and sleet and from malit-iouR 
mischief. 

The iKiards are always set so 
that they jMjint to the right from 
the track which they govern, or 
in other words a signal which 
points to ihe left of its supporting 
pole, as seen by an approaching 
tram, governs trains moving in the 
oppositi^ direction. Sometimes the 
boards are |iainted red on the gov- 
erning fiiiie and white on the other 
side, but wliatever the variation iu 





|it-iideiit uf tliu L-uldr, and on soiiiu roods the culor is ■'iientml," su 
lis to ciiipliuBiKti tliB fiict tliat tliB eiigiiieiudn ninst be govemtd by 
lUv/hrm and jiiiiiUii'ri. of tbo Ixiard rafher tbiiri by tlie color, 

Tlie only essential variation uf furiii of tliu blade lies in inak- 

iii<r t)m ends of all lioiue siffjials sqnare niid uf nil distunt ei^nulit 
iiiitdifd or i>f 11 "fishtail " forni. Otk' otlu-r form iisiil for the dis- 
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taut Hi^fiial is to iiiake it [wiiiUtl. WLiti tbtrv are bill Iwo Irackri 
llie Benia|ihores are usually (ilaced on g('|iHi'!ile [losts on each side 
of tlie roadbed. Even when tliern Hre four tracks, llie signals for 
tile two tracks on each side may l>e [Jactid on one main [lole which 
has a cross-Hrni and two uprights, each carrying one or more seiiiu- 
pbores. as shown in Fig. 14S, But when there are more than four 
tracks (as in yards), ami frequently on four-track roads, the signals 
are carried on a "bridge "such as is illnstrated in Fig. 14il, Tn such 
a case the signals for each track are jilaccd directly over the track. 
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When more than one pqnare-ended sicrnal is over a track, the 
upjx^r one refers to the tlirongh track and the lower ones io 
the switches wliich will Ik? immediately encountered. Xote in 
Fig. 141) that the signal bridge in the background has boards on 
the /rft side of the posts and that they are evidently irhtfe. This 
shows that the bridge governs movements intmrd the observer, 
while the sitjnals on the bridi'e in the forecrronnd evidently tjovrrn 
train movements in the direction the observer is l(K)kincr. The 
mechanism of all such signals is necessarily somewhat exj>ose<l, 
and is liable to be actually blocktH.1 when covered with snow and 
sleet. A considerable amount of jiower must therefore l>e available 
to operate such signals. 

Another form in extensive use is the enclost^l signal. 

KnrlnHid stattah, Tliere are two crreat arcruments for and 
atrainst the use of such signals". On the one hand, the mechanism 
is entirely enclosed and ])rotected from the weather and is therefore 
unintluenced by wind, snow or sUH.*t. Also the mechanism can 1r* 
made so very light and delicate that it requires only a small ])er- 
eeiitage of the power required to ojK^rate semaphores, and therefore 
they can be 0jKM"ate<l by an elei'tric current of very low voltage. 
On the other hand, the signal is not one ol pwiH and jto^ltlnn. but 
of ml or only. It is armunl that it eannt)t*lK* as clearly seen in 
stormy wcatlu'r jiu<l on that aeeouiit is less safe. While it is uii- 
<]UestionaMv Irue that the signal indication is less visible in \)\n\ 
weather than a semaphore, yet the net advantatxes of the system 
are Micli that the system is very larcrely used. 

Tlie external appearance of the top of the signal (the post 
heiinr oniittejl in the illustratiom is as shown in Fiir. 1 .■)(). "Clear" 
is iiitlirateil ]>v the <lisk oDeiiin*; showini; white. Tcj indieate 
ilaiu'er a very li^'^lit sereeii. made by stretchintr red silk ovt*r a lifht 
lioop, is sw iinu: n\ er the oj)ening. Atnight the lantern on the rear 
-ide >liines tlu'oi^h the openiiit*', showinir white or red aecordiiH*" to 
tlie jio.-iiioii ("^i tlie >ereeii. The detail of the mechanism, shown 
ill Me", l-"* 1 , I* \ plains its operation. When the magnet iseiierj^i/ed 
the di-k is <lia\\n np out of view and the signal shows white. If 
tlie eiii'i'ent fail.-- fvM'anv reason, the disk falls hy irravity and conies 
into \ lew. Tlie pnwtT re.|uire<l is so small that the magnt4 not 
only eontidU the sij^nal hut ; Iso develops the |K>wer to move it. 
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U7. Wires and Pipes. Wires urn used fur tli« traiisniission 
of electric current and pijtes ure used tu truuBiiiit jiiteuiuiitic prt.-s- 
sure — as disciiseeii Inter, JJiit llie iilwve lieiidiiig n-fiTH to wirea 





iiiid pipt^B fiH nst'd (u iiifclitiiiieHlly triiiisinit iiiutioti from the sl<rtial 
raliin to tlio 8i({ti;il. U')ii u tliu parts may Iw made to work liy 
leiision, No. 1> wirea umy \w iiaed. WIicu it is reqnireii to turn a 
riylit an^k' a fjiVHJVeil wlivel is used and a short U'tigth of chain 




is siilislittitcl fur ihi 
tlectiou fi)r|ii[K'S is afcdTiiijI 
of a series of lieut roils 
j;iiidc8, us slmwu in VU^. iTiH. If tin- d,., 
flectioD is jireatiT, eaeli rod must h;iv« h 
■■ImjII crunk." It is poSiiTlile to work a sicf. 
iial with mm wire, (ie|)fndiri^ tn) fjravitv fur 
but guo<l [iraelice ri'ijuir<>s a wire for eaeli 



llie reve 
notion. 
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Ronietiinrs opemU^d mechanically at a distance of 2,(H)0 feet from 
the cahin. For such, wires are practically a necessity, but when 
the signals are nearer, pipes which n\ay exert a push as well as a 
pull are used. 

Comju'tiHators. The coefficient of expansion of iron is so 
high that the change of length in a wire or pipe several hundred 





OetlecUng ^ods 



Bell Crank 



Fig. 152. 




feet long is so great that the signaling mechanism is thrown out 
of adjustment unless there is some automatic device to counteract 
it. The change of length of 1,500 feet of wire due to a fall of 
temj)erature from 100' F. to 20^ is 1500 X 80 X .0000005 -- 
0.78 foot = 0.30 inches. A much less change than this would 

require adjustment. Tlie geometrical 
[)rinc'i])le of the automatic compensators is 
^liown in the upper part of Fig. 153 and 
tlie practical construction is shown below it. 
J>y reference to the figure it may be seen 
that if tlie pipe nh contracts so that h 
moves to h\ the point r wouhl be moved 
to i-\ where hit ~ re'. But if rtf = (ffp^th' 
w(>ul<l also contract to dr. Therefore if 
tlie compensator is placed midway between 
tlie cabin and the sii^nal, the cabin end of 
the pipe being iixed, a ])()int at the signal 
end would retain its position regardless of any temperature change. 
J*iaetieallv tliest^ ares should not be required tc work throu<fli 
too threat an an^de. It has been fotmd that 500 feet is a desirable 
limit. Tlierefore if a sitrnal was 1,()()0 feet away lioni the cabin, 
two compensators slioul<l l)e use<l, eaeb ])laeed 250 feet from the 
ends. Then the position of the ends and the middle point would 
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penBiitor ia appliualile only to 
pijws. Nu uomjR-nsator wliicli 
ia equally salisfiictory bas ever 
been designwi for use with wires. 
Tliey all n-qiiirts a spring or 
weight which takea up the uliu'li, 
liiitif the wire gets canglitSHiiie- 

e thia apriiig or weight iimy 
Ix' pulled liecaiiso its reaietaiK-e 
i» lesd, ant] then the Bigiial doe» 
not ojierate. Several designs art- 
in use and they work satisfac- 
torily aa lung as the iitechani^iiri 
is ill order. 

14S. Electro-Pneumatic 
Signals. ThenledlHllil■^il iru.v,.. 
merit of signals by wires and 
roils is praotieally lirnilei! to 
aUjiit '2,000 feet and even at tliiri 
distance it ia troiililesonie. Elec- 
tric power from batteries may Im 
liflwl wlieQ the power ri'ijuir 
Very siiiall. An electro-pnt 
malic system uses eoinpreRf 
air whose power eai 
where through pijR'S and wbieh 
may tw made to im 
signals bill switebes. The valves 
controlling the pistons are ojier- 
ated electrically by a current of 

low intensity, which may be provided by batteries bnt whi' 
plant of much magnitude is mure eir^>nomicaily olilaim 
Stor^e batteries which are charged from a dynaii 
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of tilt! valve is shown in Fig. 154. In tlw jwpition i^liuwn tbt* 
magnet is not energized. Wlicri it is, the armature (at ilie toji) 
in drawn down, which uj>ei]s the cuniciil valve just ahove the spring, 
and tilts air passes fruni tbt! pressure pipe through tlie vahe and 
down the jwasage alongside ,of the valve chamlwr until it Iieara 
on the top of the piston, which 
is shown in its extreme upward 
|>oi>ition. AVhen the piston is 
forced down, it will niise thi- 
eonnterweight (see Fig. 15-">iand 
pnt the signal at " clear." When 
llio magnet is de.energiztxi for 
iiiiij ri'aeon, the spring forces the 
valve tip, the air in the cylinder 
escapes throiigli the exhaust and 
the conuterweigiit not only raises 
the pii?ton to the to]) but draws 
tiie signal to indicate dauger. 
.\ fiiiture of eitlier tlie current 
or the jiressure will thus jmt the 

149. Electric Semaphores. 

Still iiiiolher iinHliticiition of n\\. 
lomntic signaiB is the eleclric 
wi'm;i|ilioiv, which is a (•eniiiphoiv 
.if llie uwiKd ty|)e, oj(erjited l.y 
an cli'ctric motor of ahont ]. 
Imrtc] lower, the motor obtiiiiiiiig 
lis current from a set of 10 to 
'.li I'MiMin-l.ahuide baltery cells 
wliich lire placed in a 1h).\ at the 
font of lilt; signal post. The 
motor win.U up a light wirv 
^.'lit and Ihereliy seta the signiil 
land slopjR'd by the actitm tif a 
•Hit. Till- track circuit has the 
v dt'scriUil, but ban been made 
iivide for the ojK'ration of distant 
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as well 'as home signals and also the protection of and from all 
switches in the section. For the details of the track circuits the 
student is referred to the more complete works on this subject 
previously mentioned. 

INTERLOCKING. 

150. Principles. The interlockintr of the switches and sio;- 
nals of a large terminal yard is such a complicated piece of mech- 
anism that any ade(piate explanation and description would re(jui:*e 
too much space here. Nothing will be attempted but a demon- 
stration of the fundamental principle. The reason for the necessity 
of interlocking is sinjple. A mere inspection of the design of a 
complicated yard will show that it is readily possii)le to arrange a 
large number of combinations of different switch movements for 
the o{)eration of an equal number of trains simultaneously. Ihit 
the oj)eration of such switches is controlled from a signal cabin, 
and unless there are limitations on the combinations a signalman 
would be liable to set switches and sifjnals so that two or more 
trains might collide. The fundamental principle of tlic* interlock- 
ing device is comprised in the following statements: 

(a) all switch signals are normally at danger; 

(h) no switch lever maybe set for any routt^ until the switches 
for any other route which might cause a collision have been locked; 

(>) the sitjnal cannot be set to run throuirh any switcli until 
the switch itself is set. 

Although an engineman may cause a collision by running 
past a danger signal, the worst that a careless signal nuiu can do is 
to delay traffic. He cannot set signals and switches so as to cause 
a collision or even a ''side swipe." The design of the interlocking 
machine must therefore be based on a study of the safe combina- 
tions, and then the interlockinc; machine must have its "' cross 
locks" and ''lockin<r doirs " so arrancred that no interference is 
possible. The case illustrated in Fig. 15<) has purposely been 
made as simple as |K)ssible. The upper part shows merely the 
locking dogs (shaded full black) which are fastened on to the 
'-locking bars" (which run crosswise) and the ** cross locks'' 
(shaded with cross hatching), which move at right angles to the 
locking bars, in the lowtu' part of the figure are shown the signals 
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jind tracks for a crossover from a main track. No. 1 is 'the dis- 
tant siijnal. No. 2 is the home si<riial frovernintr the main track 
with res])ect to the crossover, No. 8 are the switch levers which 
work simultaneously. No. 4 is the sifrnal governing movement from 
the siding to the main track, and No. 5 is the signal governing 
movement from the main track to the siding. No lever for a sig- 
nal or a switch can l)e moveil without simultaneously movin<£ the 
locking bar < having the corresjK)nding numl>er) from right to left 
as shown in tlie fiirure. 




I S""'^''^^^ /ocArsT 



^*L ocking <fogs .* 




I'iu'. IVj. Int«'rlofkinn- 



TIm' wtMlcM'-slijiiKMJ tMuls of the lockinjT dotjsi will move I if 
|K)>siMt') the r\'^)>> locks witli which they i»»*iy come in contact. If 
:m\ (•ros> lock is iiiinio\ :il»lc hccaiise it is already in contact with 
some other lockiiio- (loo-, then it will he im])()ssible to move that 
It'vcr until the Irvci* (or levers) controlling all interfering locking 
(loos liave heeii so iiio\('(l as to remove the obstruction. The posi- 
tion (»r the loekintr docs in Yvk lof) is that for all sicrnals normal 
(M- at *Ml:inoer."' Sn|)|M)se it wtMV attemj)ted to *' clear" signal 
N(K 1. To do so, loekintr bar No. I must move the cross loc*k 
No. 1. Itnt lliis is impossible since one of the dogs on locking 
bar No. 'J interferes. Level* No. I cannot therefore Ih) movtnl until 
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lever No. 2 has been cleared, which operation will move that dog far 
en6iigh to the left so that the cn)8s hxrk can move up. And this 
ia in accordance with the principle previously stated that a distant 
signal should not be cleared until its home signal is cleared. 

As another illustration, when the signal No. 2 has been 
cleared, the locking bar. No. 2, by means of its attached dogs, 
moves the cross lock No. 2 upward. This cross lock is then set 
against locking dogs on each of locking bars No. 3 and No. 5 aii<l 
prevents them from Ix-sing cleared. Of course the signals for the 
crossover should not be cleared while the sit/nal is set for a clear 
main track. 

Exercise. The student should draw a modification of the 
upper |)art of Fig. lo^), as it would be plactnl to indicate that the 
switch was set for a crossing from the siding to the main track. 
It should be noted that siirnal No. 4 is set "clear" when it is de- 
signed to move along the siding without using the switch, and 
No. 5 is set clear when the switch is set so that a train could run 
backwanl past the switch without using it. Both No. 4 and No. 
5 are Si.»t at "^danger" when it is designed to run from one track to 
the other. 

The cross locks No. 1 to No. 4 inclusive are each in one piece 
with notches cut for the dogs. Ooss lock No. o has the upper 
part se{)arate. When the lower part is moved it does not movt* 
the up|x^r part unless the''tap|H^t" on locking l)ar No. 3 has ])revi- 
ously Ixjen moved between the parts. The tapjK»t is unnecessary 
with the simple combination of levers shown, but might be neces- 
sary with a somewhat more complicated systiMu. 

Of course the above descrij)tion makes no mention of a multi- 
tude of details ne<.*essarv for u manual machine, to say nothintj of 
the complication rtMjuired tor an electro-pneumatic interlocking 
machine. But whatever tlu* complication or how many may Ik's 
the numl>t*r of leviM-s, the interhx'king jn'inciple is as al>ove. 

TRACK MAINTENANCE. 

151. Tools. T(K)ls should be of good quality and well 
designed for their use. Kconomy in this n-spt'ct, to save initial 
cost, is apt to incn»ase the labor item ami since the labor costs ovt^* 
00 j>er cent of the total cost of track maintenance, a very little 
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discouragement of labor owing to inefficient tools would more than 
overbalance any possible saving in cost. The list of tools required 
for the varied work of a track gang is quite large, and therefore au 
effort should be made to pare down the list as much as is practicable 
or safe, because it is correspondingly difficult for a track foreman 
to prevent losses due to carelessness. The following list is based 
on the requirements of a gang of six trackmen and a foreman. 

A large proportion of the tools are for work on which not 
more than one or two men need work at any one time. When the 
list calls for six or more of any one tool, they are always the tools 
which are in constant or excessive use, or which are liable to 
.become quickly broken, and of which an extra supply is a neces- 
sity for use while waiting for requisitions to make up for loss or 
breakage. The list is taken, with some slight modifications, from 
Camp's Notes on Track. 

Adzes 2 Grindstone 1 Scythes— grass 4 

Ax— chopping 1 Hammers-^spilie .... 4 ** —brush 4 

Ax— hand 1 " —sledge— 16 lbs. 1 Snaths 4 

Auger, 2-inch 1 ** —strike— 10 lbs. 1 Shovel»— track 8 

Bars— claw 2 •* —nail— claw ... 1 ** —scoop 4 

** — crow ** -ballast* 6 ** — long handle 1 

** — pinch 6 Hatchet 1 Saw— hack, bladert.l- 

'* —raising 1 Hoe -garden 1 ** ** frame .1 

" — tamping 8 Jack — track 1 ** hand 1 

Brace and bitH 1 Key— awitcli 1 " crosscut 1 

Brooms (coarse) 2 Lanterns— white li Screwdriver 1 

iirusli liooks 2 " —red 2 Spade 1 

Car— hand 1 " — green 2 Steel square 1 

** — push 1 Level lyoard 1 Tape (50', graduated 

Car chains 2 " — spirit— pocket 1 to tenths) 1 

Chisels— cold 2 Locks— switch -extra 2 Tongs— rail 4 

" —track 12 Mattocks 2 Tool box 1 

" — wood 1 Oil can 1 gal 1 Tool checks ($ 

Curving hooks 2 •' * " -2 " 1 Torpedoes (with box ).24 

Chalk line KM) ft. Oiler— s(|uirt 1 V^eronaspik^ puller.. 1 

Ditch line loO ft. Padlocks 2 Vise 1 

Drawshave 1 Picks 8 Water pail or jug 1 

Dippers (or cups) 2 '* —tamping * 8 Weed scuflles 

l^^iles 15 Punch— hand 1 Wheelbarrows 3 

Flags — red 4 Kake -garden 1 Whetstones 4 

»» — green 2 Kail drill 1 Wire stretcher 1 

Forks— ballast* 4 " *' bits 6 Wrenches— track a 

Gauge 1 Rule— two-foot 1 " —monkey (8") 1 

* Needed only in stone ballast. 
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The first comment on the above list is in regard to the bars 
of various kinds. Claw Ixirs are used for spike pulling. The 
ideal design is one that would permit pulling the spike with one 
stroke without changing the fulcrum, and that will also pull it 
clear out without bending. Apparently this is mechanically im- 
possible and in spite of the many efforts which have been made and 
the new designs which have been brought out, the old *' bull's 
foot " claw bar seems to be the best. 

The ^''Yerona spike jmller'^^ is attached to a spike whicli is 
in a confined place (such as behind a guard rail) and is operated 
by means of an ordinary claw bar resting on top of the rail. 

" Crow " hars are considered to be those which taper down 
symmetrically to a wedge-shaped edge at the so-called "point," 
in contradistinction to ^' pinch '^^ hars on which the chisel edge is 
even with (or outside of) the face line of the bar. The number 
of crow bars is put at " " to emphasize Mr. Camp's opinion that 
tlie crow bar form should not be used and that the pinch bar form 
is far preferable. 

Tainpimj hars should not weigh more than 10 pounds nor 
should they be more than 5 ft. 3 in. long. If the handle is solid it 
is rather small and hard to hold. It is therefore sometimes made 
as a pi[3e, with a malleable tamper. Another form uses a wooden 
handle. 

Track chisels are cold chisels provided with a handle of wood 
by which they may be more readily and safely held in position. 
They should be about lA in. square and 8 in. long, made of tool 
steel. A single blow may break them or render them useless 
until re-tempered and re-ground, and therefore a large number is 
necessary. 

Oauges. These may be divided into three classes. The first 
is the " home-made " type of wooden gauge which is j)erhaps brass 
bound. One common objection to this form consists in the danger 
that it will not always be placed truly at right angles to tiie track. 
The effect of this error is to make tight gauge. To obviate this 
error, the " Huntington " track gauge has at one end two lugs 
about seven inches apart and one lug at the other end. The gauge 
is the distance from the single lug to the middle ])oint of the seven - 
inch line, the two lines being at right angles. The device is theo- 
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retically perfect provided that the two lags at the one end are both 
in contact with the head of the rail. A slight error in this respect 
will make the gauge too wide. The *^ Warren " gauge has two 
short circular arcs forming part of a complete circle, whose diam- 
eter is the gauge, fastened to the gauge bar. 

Hammers. For section work, spike hammers should not 
weigh more than 8 pounds and have a length of about 10| inches. 
Th(» IG-pound sledge is only needed for occasional very heavy 
work, when it is however almost essential. The 10-pound striking 
hammer is the better one to use with track chisels rather than to 
use the spiking hamm^rs as is so frequently done. ' The ballast 
hammers are only used for breaking up stone for ballast and are 
unnecessary even for this purpose if machine broken ballast of 
uniform size is furnished. 

Track j<H'l\ One of these is illustrated in Fig. 107. They 
are certainly handy and economical tools for the track gang, but 
more tlian one serious wreck has been caused by the inability of 
the gang to remove the jack before the arrival of an unexpected 
train, and as a derailing device a jack is exceptionally effective. 
Track instnictions generally specify that they must not be placed 
l)etwi'en tlio rails. 

Lt C(l haard. Such a board usually has a level tube sunk in 
the uj)j)or edfjje. At one end a series of steps are cut, each with 
a base of about two inches, and with risers of one-half inch, begiu- 
ninir at the lower ed<j;e. The discussion on the 8Uj)erelevation of 
the outer rail (see § IIU) shows the foolishness of over- refinement 
in such work. If the reijuired superelevation is 2.5 in., the fifth 
step of the board may l)e placed on the outer mil and the plain 
end on the inner rail. When the track is properly adjusted the 
bubble should be in the center. Of course the adjustment of the 
level bubbles should be carefully watched and fre(jueutly adjusted 
if necessary. 

S/iorr/s. The best shovel for track work is the short Iiandled 
shovel with square point, uiade out of a single piece of crucible 
steel. The blade should have a lencrth of aliout 12 in. When 
this has been worn down to 9 in. it should be thrown away —for 
track work. Its use is then uneconomical. The scoop shovels are 
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for handlinfT cinders and packed snow. Tlie lonc-liandled shovel 
is for digging post holes. It should be rouud-pointe4l. 

The above list includes only the tools which will l>e requirwi 
by almost any track gang. Cant -hooks and pea vies are fre<juently 
necessary for handling tiiul>er. Blastintr drills, wedges, powder 
and fuse are sometimes needed to break up masses of rock which 
may have fallen into a cut. Culverts and bridge channels get 
choked up with timber and debris of various kinds which may nee<l 
ropes and tackle to clear them. A jim-crow rail bender is occa- 
sionally nece8sar)% although one such may Ix* made to serve two or 
more section gangs. 

152. Work Trains. The work of a track gang is usually 
confined to one *' section," which is usuallv not more than live 
miles long, and which on roads of tho very heaviest traffic may l>t* 
shortened up to a mile. On exceptionally |)Oor Hght traffic roads, 
they are made eight and even ten miles. For ordinary work their 
hand car and push car furnish all neeile<i transportation facilities 
for themselves and materials. But there is much work which is 
more irregular in its character, which must Ix* handled on a larger 
scale, and which requires for economy a work train. Such work is 
the distribution of tnick materials such as ties, rails and ballast 
from the sources of supply to the places on the road where they are 
needed. Also, when re- ballasting is to be done on an extensive 
scale, when heavier rails are to l>e substituttnl throughout, or, in 
short, when there is any work to l>e done which is beyond the 
routine work of keeping the track up to its normal condition, then 
a work train with its usual force of lal)orers can accomplish the 
work with greater economy. 

The work train is usually hauled by the worst engine on the 
road, sometimes by one which would otherwise l)e sent to the scrap 
heap. Whatever the justification of this policy, it may Ik? carried 
so far that the regular train service suffers by the inability of the 
work train to kt»ep out of the way of n^gular traffic, or else there is 
the false economy of wastinij the time of the work train cranir whih» 
trying to save by utilizing a worthless engine. A passenger engine 
which mjiy have proved too light for regular service is preferabh'! 
to a freight engine, since the work train should be capable of mak- 
ing good sptHHl in running to a sidiniraiul the load is usually lii^ht. 
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The miniinuin requireiuents for the train should includo a large 
caboose and a flat car provided with large tool boxes for picks, 
shovels, bars, hammers and other track tools. Underneath the 
caboose may be hung a large box in which may be stored ropes, 
pulley blocks, chains, jacks, etc. Since the cost of train crew 
wages, fuel, and other expenses which must be charged up for the 
use of the rolling stock will aggregate about $25 j>er day, there 
should l)e enough laborers attached to the train, and their work 
should be so planned as to justify this additional expenditure. 

The minimum number of laborers should be about 20, and 
this should l)e increased to as many as can l)e profitably employed. 
Since the woik of the train is scattered over a great distance, the 
company must choose between wasting considerable time both 
morning and evening while carrying the gang to and from their 
homes, together with many miles of train service, or of providing 
boarding cars, provided with bunks and one or two cars for kitchen 
and dinincT cars. One large, clean box car can be easily and 
cheaply fitted uj) as kitchen and dining car for 24 men. If the 
crew is much larger, one car should be devoted to kitchen and the 
storage of su[)plies and another car used for a dining car. An 
oi'cliiijiry ])(>.\ c;ii*, or an old pjit^senger car can be readily fitted up 
with four double lower ]>ertli8 and four double U[)per berths on one 
side and four lower and four upper single berths on the other side, 
thus aeeoimriodating ^* t men. Kvi'ii l)etter accommodations may 
be ])rovi(led when tlu^ nee<l for such a train and gang is so regular 
that it will ha\i' ])racticallv ])ernianent emj)loyment. A little 
extra inoney spent by tlie coni])anv in ])roviding comforts for the 
men is ininiediately I'epaid in a better quality of work and less 

St ra<j<xl •'><'■ <>11- 

153. Ditching. While the routine clearing up of ditches is 

pai't of the woi'k of a section gang, it will fre(juently ha|)pen, 

especially when the slopes ha\ c a disintegrating soil, and also when 

the slopes have been made oi'iginally too sti'ej), that the winter^ 

frosts will till up the ditches to sucli an extent that it is best taken 

out with a work train o;an<r. Ordinarily the section ijanc^ would 

need to load such material on their juish car or on wheelbarrows 

and run the material out to tlu^ i"ud of the cut where it may l)e 

harniU'ssly wasted. If the cut is very loner, such haulincr would 
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be very expensive. Since the regular schedule will not usually 
permit the train to stand long on the main track, especially on a 
single-track road, the loading must be done in the shortest possible, 
time. Tliis usually implies that a part of the gang should renuiin 
at the cut while the train is running oflF to unload and that they 
should all work there if the train must run to a siding merely to 
let a regular train pass. During such times the men can scrape 
down all loose material from the side slopes and loosen up the iill- 
ing in the ditch, so that it is all ready for shovelling when the 
train arrives. 

When the cuts are not very deep, such material is sometimes 
thrown up on the top of the bank, even by using a temporary 
staging on which the earth is thrown and then again shoveled to 
the top of the bank. In any such case the earth should be thrown 
well back from the edge of the bank so as to guard against its 
l)eing again washed into the cut. It also should not interfere with 
the surface ditch which should have been cut on the top of the 
bank to prevent surface water from the slope above from running 
down into the cut. 

154. Distributing Ties. The methods to be used necessarily 
vary with the sources of supply. If ties were obtainable from 
farmers and were delivered along the right-of-way on every sec- 
tion of the road, very little if any distribution by a w^ork train 
would be necessary. When, as the other extreme, there is no local 
source of supply, the ties must be hauled many miles and so dis- 
tributed that subsequent distribution by the trackmen will be 
reduced to a minimum. Since economy requires that ties shall 
only be replaced by an actual count of those which are defective, 
an essential preliminary is that a marker shall be placed along the 
the track for every ten ties required, or that the number required 
between two consecutive telegraph poles shall be marked on the 
poles so that it may be seen as the train approaches. IJy this 
means ties may be thrown off as required while the train is mov- 
ing at a speed of about six miles per hour. On light traffic roads 
the work of tie distribution is frequently done by the local freight 
train. AVhile this may be and often is the best policy, the cost 
per tie is much greater. 
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155. Distributing Rails. The method of hand liner rails de- 
pends very largely on the cars on which they are loaded, and also 
on their length. They are dropped off most easily when loaded on 
to flat cars, but frequently they are loaded on to gondolas and even 
in box cars by making a hole in the end of the car. Rails of 45 
and 60 feet can only be loaded on to two consecutive flat cars. If 
they are being unloaded in one place simply for storage, a derrick 
of some kind, even though temporary, is wise economy. For dis- 
tribution along the track they are either dropped over the side of 
the car or pulled off from the end. If they are dropped over the 
side they are apt to l)e kinked. Sometimes they are slid off on skids 
made of two timbers or pieces of rail about 10 feet long, but this 
is impracticable in some localities and it lands the rail at some dis- 
tance from the track. The car to be immediately unloaded may 
be placed at the extreme rear of the train. Then a rail hook at- 
tached to a sutticient length of rope may be hooked into one of the 
bolt holes and the rail may be drawn off the end. By placing a 
"dolly" on the end of the car the rail may readily be drawn off by 
hand. As soon as the center of gravity passes the dolly, the outer 
end falls easily to the track and then, pulling the train ahead, the 
other end is lot down easily as it drops off. Sixty-foot rails are so 
flexible that a coiisidtM-ahle part of the length will be resting on 
the (ground before the other end leaves the car, and will not be in- 
jured by dr()|>|)ino on the ties. 

When the rails are esj)ecially long and heavy, an easier method 
is to hook on the rail-hook and attach the ropes to a track rail or 
around a tie. Then let the train move ahead until the rail is 
drawn oil". Even the dolly under the rail at the end of the car is 
unnecessary with this inetlunl. If rails are needed for both sides, 
two such ro[)e3 and hooks may be used simultaneously. With a 
little more care this may be so done that the end of each rail comes 
almost exactly at the re(]uired joint, even allowing for staggering 
the joints on the two lines of rails. By attaching a push car to 
the ear carryint»; the rails, the rails may pass over that and down 
on to the ground without Jiny dancrer of injury from the drop. 

The revei'se o])eration loading oM rails onto a car — is heavy 
and costly woik when done l)y hand. The best plan is to do it bv 
means of a derrick. If it must he done without such aid, it facili- 
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tates the work to make an inclined plane by attaching a pusli car 
to the flat car on which the rails are to be loaded, and then by 
placing several dollies on this plane, the rails may run up on rollers 
with a minimum of actual lifting. It might be thought that a 
70-lb, rail, 30 feet long, which weighs 700 pounds, should not be 
an excessive load for six men. When the men are carefully drilled 
to lift together and simultaneously raise the rail above their heads 
and throw it with machine-like precision on to the car, it may be 
(and is) successfully done in this way, but if one or two men shirk 
or do not lift with the others, the load is concentrated on the others. 
They successively become frightened and, to save themselves, "jump 
from under"; the remainder cannot sustain the load and it falls. 
It is lucky if someone does not have a foot crushed. The longer 
and heavier rails cannot be handled in this way. 

156. Handling^ Ballast. A railroad must consider itself 
unfortunate if it does not have a gravel bank at some place along 
its line. The bank generally extends into the adjoining property, 
which is either bought outright or the gravel privilege is bought. 
The last method generally specifies that the top soil shall be reserved 
and spread upon the excavation after the gravel is exhausted. The 
gravel is usually overlaid with more or less vegetable soil. Some- 
times the amount of this is so insignificant that its presence may 
l)e ignored, but if the depth is appreciable it will pay to strip it. 
A spur track whose .minimum length is the length of the train 
must be run off from the main track. The method of attacking 
the bank depends od the method of digging — whether by steam 
shovel or by hand digging and shoveling. 

About twenty cubic yards per day may be considered a fair 
day's work in loading gravel cars at the pit. A steam shovel with 
a dipper holding 1 J to 2 cubic yards can load 800 to 1,200 cubic 
yards per day, depending on the prompt handling of the cars when 
loaded. Even this figure has been greatly increased under excep- 
tionally favorable conditions. But the use of a steam shovel implies 
the use of a locomotive, which must be constantly at the pit shift- 
ing the cars so that there is a car constantly in place within range 
of the shovel. The cost of runnincr such a shovel with its attendant 
locomotive will be about $50 j)er day. This will pay about 40 
laborers who could dig about 800 cubic yards. Therefore, unless 



194 RAILROAD ENGINEERING 



the circumstances are so favorable that the shovel can exceed 8(H) 
cubic yards per day, the work may be done about as cheaj)ly by 
hand shoveling. This is, however, about the limiting case. With 
good management a large shovel can take out gravel much cheaper 
than it can be done by hand. 20 cubic yards per day at a lal)or 
cost of $1.25 per day makes the gravel cost about six cents jR^r 
cubic yard loaded on the car at the pit. The average cost of such 
hanling on a Western railroad was computed by the management 
to be 0.85 cent per cubic yard per mile. In this case the qnantity 
handled was very large and the cost may be considered exception- 
ally low. 

When the work is done on a small scale, and especially when 
the gravel is loaded by hand, hand methods would be used for 
unloading, but there is great economy in the use of a plow for 
unloading. This implies the use of flat cars, which are in fact 
almost universally used for ballast work — barring the spt»cial pat- 
ented ballast cars. The plows are *' center unloading" or ''side 
unloading," and some of the most recent forms are adjustable so 
that they will unload all to either side or will unload to both sides 
in any desired proportion. The plow is drawn over the tops of the 
cars l>v a cable.- The cheapest method is to stop the train where 
desired, set the ])rakes, uneouple the locomotive and attach to it a 
IT' oi* lA" wii'e eable. (\)nmiencin(T with the T)low at the rear car 
the loeoinotive moves aliead and draws the ])1()W over all the cars. 
This i!ii'tiio(l has many o])jeclions, especially when it is- done on 
curves. A mueh l)etter method is to ha\'e a car carryintr a hoistinrr 
einnue, which may be supplied ])y sti'am from the locomotive by a 
ilexible tube, if the car carrviug it is placed immediately behind 
the locomotive, or preferably wliich is supplied from its own boiler 
placed on the car. A wii-e ro|)e from this engine hauls the plow. 
One (Treat advantage of this method lies in the fact that the train 
can bo ke|)t moving if desired whih^ the j)low is working. 

If it is desii-i'cl to disti'ibute less ballast per car length than 
the car load, it nuiy be done by nu)ving the train ahead at just 
such a s])eed that will give the desii'ed result. Incidentally, this 
mi'thod is very useful when makintra lill from a trestle or to till up 
a washout. By putting the ])low at the rear of the train and drawing 
the plow backward, the speed of the train and of the plow can 
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be 80. regulated that the material will be deposited with as gn^at 
concentration as desired. If it is desired to fill up a hole, the 
whole train load may he deposited in one spot by simply hauling 
the plow back as fast as the train moves forward. The average 
cost of thus unloading with a cable has been computed as about 
one-half cent per cubic yard. During recent years many styles of 
ballast cars which are easily and automatically unloaded have been 
placed on the market. Some of these have been designed with the 
distinct idea of being used in connection with local freight trains. 
They are picked up at the gravel [)it by a local freight going in 
the desired direction, are hauled to places along the road which 
have been previously msirked with stakes, are dumped with a delay 
of only a minute or so, then hauled on to where they may be side- 
tracked and hauled back to the pit by another local freight. Gon- 
dola and coal cars having hopper l)ottoms are also used extensively 
for hauling ballast. 

157. Trestle Filling. This has become a very common form 
of work for the work train. When the construction of a railroad 
is once definitely decided and work is begun, any measure which 
will hasten the o{)ening of the road for tratiic has a very high 
money value. Therefore trestles have been built where embank- 
ments are a better form of permanent construction. The prelimi- 
nary construction of trestles is further justified by the fact that 
the immediate construction of an embankment would often involve 
very expensive hauling with teams from borrow pits in the neigh- 
borhood, while a future fill may be made by the train load, as des- 
cribed below, at a much less cost. Incidentally, time is allowed to 
determine the maximum water fiow through the hollow crossed by 
the line, and the size of the culvert required may l)e more accu- 
rately determined. The cost of the culvert, which may be very 
considerable, is also deferred to a timi^ when the road c^m Ik^tter 
afford it. At the time tluit many existinir trestles were l)uilt the 
cost of timber in their localities was so small tluit the trestle may 
have been actually cheaj)er. 

Many roads are now confronted by the necessity of either 
replacing the trestle or filling in with earth. While the relative 
cost is very variable, dej)ending on the local price of timl>er, the 
proximity of a sufiicient supply of available filling and the methods 
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to be employed, yet as an approximate figare it may be said that 
fills as high as 25 feet may be filled with earth as cheaply as a 
trestle can be reconstructed. Bat when it is considered in addi- 
tion that the average amount of timber required annually for 
repairs of trestles is about one-eighth of the volume, also that the 
kbor involved in maintenance is very grait while it is almopt in. 
significant on an embankment, also that the danger of accident on 
a trestle and the disastrous resfilts of a derailment which may occur 
on a trestle is so much greater than on an embankment, the hei^t 
at which it becomes economical to fill with jsardi instead of recon- 
structing the trestle increases until it may leadi 50 feet. But the 
filling in of high trestles involves several special constructive 
features. The hollow may have at the bottom a very soft soil 
which cannot sustain a heavy embankment without considerable 
settlement. Such a settlement will prove destructive to almost 
any culvert unless a solid foundation may be n|ade for it. Under 
such conditions a pile or concrete foundation for the culvert may 
become a necessity. ^ 

The dumping of earth and particularly of boulders, stumps 
and clods of frozen earth may do serious injury to the trestle unless 
means are taken to guard against it. This may be done by placing 
an ''apron" on each side which will deflect the earth so that it falls 
outside the trestle. As the piles grow on each side the intermediate 
space will be filled up. The longitudinal braces which are most 
apt to suffer are sometimes strengthened by heavy timbers, which 
may be old stringers, etc. The lilling should be done regularly 
along the length so that the bents will not be forced out of place 
by an unsupported pressure of earth on one side. If the bank is 
formed merely by dropping eartlj loosely from above, its slopes 
will be steeper than can l>e retained permanently. The result is 
frequently a disastrous slip. This feature justifies the spreading 
of the earth by scrapers as the lilling proceeds. This method has 
the additional merit of packing the earth so that there is almost no 
settlement and the stringers may be pulled and the ballasted road- 
bed may be constructed very soon after the filling is complete. 
Otherwise the settlement is so great that six months or a year 
must elapse before track laying is permissible. During this time 
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the embankment may settle 10 per cent. This earth -spreading 
may be done for two or three cents per cubic yard. 

The choice of tilling material is an important matter. A 
sandy or gravelly soil is the Ix^st. CHay is apt to be very trouble- 
some, for, no matter how hard it may be in dry weather, it will 
slip and run when it beconies wet. This is especially true when 
the base of a till is on a steep side slojx*. In this case the whole 
till may slide down the hill. One means of preventing this is to 
dig trenches along the slope. Even plowing the surface in contour 
furrows may be sufficient to prevent such a slip. The material for 
such a till will usually come as the spoil from a widened cut, loadtnl 
perhaps with a steam shovel into dump cars or on to llats from 
which it is scraped by a plow, as previously described. 

The practice of immediately ])lanting tufts of Uermuda grass 
and even tree slips which will take root and grow and thus bind 
the embankment toijether as well as cover it with a surface of sod 
which will protect it from rain-wash is a measure of true economy 
which always pays. The total cost of sucli a till must combine tlie 
cost of loading, hauling, spreading (if it is done) and the other 
exj)enses incidental to making a linished embankment, but tlie 
record made by many roads on these items show that it may be 
done at very much less cost than by the methods which are usual 
or {possible during the original construction of the road. 

158. Org^anization of Track Maintenance Labor. Although 
there is much variation in the practice of roads as to the succession 
of authority among the higher othcials of the road, there is a very 
general agreement in phicing the immediate supervision of the 
track for each division of approximately one hundred miles under 
a man known as road master or perhaps supervisor. Some roads 
extend the authority of the roadmaster over a greater length of 
road and then appoint ** supervisors'' wlio individually control 
shorter lengths and who rej)ort to the roadmaster. The 8U|)ervi»or 
of eacli minor division superintends the work of the 'several section 
gangs in his division. 

Tlie roadmasters usually re{)ort to a division engineer, but 
except in matters of exceptional importance or which may involve 
new methods of work, the roadmaster is exjiected to do his routine 
work without sjyeciai orders and to be responsible for its projjer 
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execution. The roadmaater should be thoroughly conversuit widi 
every phase of the work done under him, and althoi^ii it is prefer- 
able that he should have come up from the ranks, he should have 
a far better education than is possessed by the lai^ majority of 
track laborers. The best roadmasters are those who have a technical 
education but who hare served a safficient time in the ranks to 
have become familiar with the practical details of track work. 
The Southern Pacific B. B. Co. require a roadmaster to ^'pass 
over the entire straight portion of his districts, either on foot or 
on velocipede cars, at least twice every month, and over tliat por- 
tion in canyons and in the mountains at least three times per 
month." He should have the worl of the entire division so thor- 
oughly mapped out in his mind that he has a sufficiently clear 
idea of the condition of every part of his division at any time and 
thereby save himself from censure due to any neglect of the track 
work at any place. 

The most effective way to do this is to have the section fore- 
men under such a state of drill that there will be no failure to 
remedy any slight defect or report a greater one. The roadmaster 
must rely on his discipline of the section foremen rather than on 
his personal observation, although he should not relax any effort 
to make his personal observations as thorough as possible. 

The section foreman should generally be a man who has served 
his time as a track laborer, but he should also be a man who has 
sufficient education and intelligence to make out reports and cor- 
rectly interpret plans and tabular statements. Another absolutely 
essential quality is an ability to control men without violence or 
abuse. lie should not only thoroughly understand all the details 
of maintaining a track in condition, but should be able to repair a 
track and make it safe for trains in any ordinary emergency such 
as a broken rail, a washout, or a tearing up of the track due to a 
wreck. He should familiarize, himself with all rules of the road 
regarding train running with which he may ever be immediately 
concerned, and also with all rules and standards of track construc- 
tion which may have been adopted. The last qualification, which 
is becoming more and more essential, raises the standard for sec- 
tion foremen above what was formerly considered necessary. 
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Many roads require (by their rules) that the foreman shall 
take part in the manual labor of the gang. The wisdom of this 
rule depends somewhat on the work being done and on the num- 
ber of men in the gang. If there are as many as eight laborers in 
the gang, the foreman may have all he can do in directing them. 
It is frequently advantageous to have the men work in pairs, and 
when the work is light, it may be best to have live laborers with 
the foreman in a gang, and then the foreman may work with the 
odd man. 



/ - 



V -. y^ 




PID-THANSIT SUB' 
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PART III. 
ECONOniCS. 



Railroad Finances. 

159. Capitalization. Practically all of the following state- 
ments regarding capitalization, etc., of the railroads of the country 
are taken from the rejx)rt8 of the Interstate Commerce (Commission 
and may therefore be considered as reliable as any which are obtain- 
able. Many of the following figures are taken from the report for 
the year ending June 30, 1902. At that time the capital stock 
was given as $0,12fi,035,752. Disregarding the fractions of mil- 
lion, the funded debt, expressed in millions, was 0,J:-U). Other 
liabilities, with "profit and loss," make up a total of 14,270 mil- 
lions. This represents approximately one-sixth of the national 
wealth. Considering this value as **assets,'' 10.021 millions of it 
is set down as "cost of road" and 037 millions as cost of ecpiip- 
ment. Unfortunately the finances of roads have been so manipu- 
lated that the statement of '-cost of road" does not represent the 
capital actually 8j)ent on construction. 

The above figures ap|)ly to 187,442 miles of line, the total 
mileage being over 201,000 miles. The railroads directly employed 
1,189,315 employees, to whom they paid over S*)7*>,000,000, which 
is over 39% ^>f the gross rt*ceipts, which were over 8l,72f),000,O00. 
The employees represent a population of perhaps four or five mil- 
lions who are directly dependent on the railroads for support. Con- 
sidering the industries such as locomotive and car sho[)S which 
depend, entirely on railroads for business and also the industries 
such as steel mills and bridc^e works wliich have railroads as their 
largest customers, it may perhaps be estinuUed that one-fourth of 
the entire population are directly or indirectly de|XMulent for their 
support on railroads. 

If the arguuuMit is carrier! still further and the fact is recog- 
nized that a very largt^ proportion of the proilucts of agriculture, 
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mines and manufactories could not be trans jK)rted to consumers, 
would not be utilized and therefore would not be produced, the 
debt of the country to railroad transportation may be better 
appreciated. 

Although the stocks and bonds of many of the smaller rail- 
roads are owned by large corporations in their corporate capacity, 
yet of the total of 11,237 millions of stocks and bonds outstanding 
in 1902, 9,029 millions, or over 80 per cent, were owned by '*other 
than railroad corporations" — chiefly private investors. On the 
basis of total assets of 14,270 million dollars and an estimated 
population of 78,595,000 people, the average ownership is over 
$181 per head of population. The total revenue of over 51,922,- 
000,000 represents an average payment of over $24 per inhab- 
itant for the year. The "number of passengers carried one mile" 
was 19,090,000,000, which means that the acenuje passenger 
travelled 250 miles during the year The average number of 
passengers on a train was 45 and they travelled an average journey 
of 30 30 miles*. 

The ^'number of tons of freight carried one luile" was 
157,289,000,000, which means that the avenuje inhabitant supplied 
a fi'eio;hl i)usiiu»ss t^jiiiv^alont to moving 2,000 tons one mile, or 
niovini; oik' ton 2,000 miles, or iiiovincy 50 tons 40 miles. As an aid 
to tj^nisping this perluips incredible statement (combined with the 
statement of an averatre annnal payment of §24 ])er inhabitant) it 
should be reinemheiHMl that whenever a ton of coal or even a j)Ound 
of sugar is l)ou(j^lit, the ])rice jiaid ineludes payment made to a rail- 
road eompanv for freight. 

AVhile the above tio;nres must be considered simply as aver- 
ages, and not neeessarily a[)plicai)le to any one road, they give some 
idea of the niagnitndt* of railroad business and what the avcnuf* 
railroad may he expected to do. (\)nsi(lering, however, that the 
irreat railroads of the country are already built and that the roads 
yet to l)e l)uilt will prol)al)ly be of minor imj)ortance, even such 
an average stat«Mnent could liardly apply to any new enteriirise 
except with a very large <liscount. 

160. Stocks and Bonds. An ordinary mercantile business 
or even an ordinary factory conducts its business on the capital 
directly furnished by the owner or owners. Therefore any profit 
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over the operating expenses may be applied as dividends no niatttr 
how small the percentage. Very few of the railroads of this 
country have been constructed, even approximately, on this basis. 
Usually a large part of the virtual ownership of a railroad is 
represented by bonds. The limit of the issue of the bonds may 
be that which expresses the confidence of the public in the enter- 
prise, or, in other words, the value which it is assumed that the 
whole property could be sold for under a foreclosure sale. 

During the early history of railroading, when railroads were 
being run through well established communities which were with- 
out railroad facilities, the success of the enterprises seemed so certain 
that little or no difficulty was experienced in borrowing on bonds 
enough (and even more than enough) to construct and equip the 
road complete. But such opportunities are practically past. The 
capital stock actually paid in represents the margin or the uncer- 
tainty between what it actually will cost to build the road and its 
estimated foreclosure value. The nominal issue of stock is usuallv 
about equal to the value of the bonds. 

At its best, the ince[)tion of such an enterprise means a con- 
siderable outlay of moiu^y. A group of men, acting on the belief 
that a road passing through certain towns will be a profitable enter- 
prise, form a temporary organization, develop the enterprise, have 
surveys made, and then if the developinJ plans still look encourag- 
ing, have bonds engraved and placed on the money market for sale. 
Even if it were possible to raise enough money for actual con- 
struction, the amount of money required for this preliminary work, 
although but a small precentage of the gross amount required, is 
sometimes a large sum of money. 

The gross amount required is increased by the fre(juentlv 
ignored fact that a road does not attain its "normal'' traffic for 
five or ten years after it begins operation, and unless it has suffi- 
cient funds as ^ working capital "^ to tide over the initial period 
when it does not [>erhaps pay operating expenses, it is very apt to 
go into the hands of a receiver. 

Stocks and bonds may therefore be considered as representing 
two forms of ownership. The interest on the bonds is a lien on 
the receipts, after the operating exj)enses have been paid. Such 
interest must be paid in full before any dividends on stock may be 
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paid. The security of the bonds is therefore comparatively good 
and the profit comparatively certaiu although it is small. 

On the other hand, the stocks are much more speculative. No 
dividends are paid until the operating expenses and the bond interest 
is fully paid, and if this is not paid, the bondholders have a right 
to demand that a <^ receiver" be appointed and if neceesaiy that the 
road be sold. Since such a sale will not usually realize more than 
the face value of the bonds (and sometimes not even that) the 
stockholders may lose their entire investment. But if the road 
makes money, the excess which may be allowed for dividends may 
1)0 a very large return on the amount of capital actuaUy paid in. 
It may very easily be shown that a comparatively small change in 
the amount of business done may suffice to change a good profit 
for the stock holders into an actual deficit which makes a receiv- 
ership dangerously probable. 

The relative profit on stocks and bonds and the &tct that rail- 
road securities, although sometimes very profitable, are very preca- 
rious in value is shown by the following statenients: The year 
ending June 30, 1902, was the best year (up to that time) ever 
known in the railroad business. But, in spite of this, 44.6 per 
cent of all railroad stocks then in existence paid no dividends. 
The average rate paid on dividend -paying stock was only 5.55 per 
cent. Even granting that much of railroad stock is '* watered " — 
which means essentially that it represents little or no cash actually 
paid in — the fact remains that during that year 44.6 per cent of 
all the stock issued paid no dividends. From 1895 to 1897 over 
70 per cent of all railroad stock paid no dividends. 

The record regarding bonds is much better, the percentage of 
the entire bond issue which failed to pay anything during 1901-2 
l>eing less than 5 per cent. While it is true (almost without ex- 
ception) that a railroad builds up the section of country through 
which it passes and increases its value far beyond the cost of the 
road, yet it is also true that very few roads which are old enough 
to have a history have escaped a receivership at some time in their 
history, even though they may now l>e gilt-edged properties. 

161. Qro^ Revenue. The estimation of the probable volume 
of traffic or the gross revenne of a proposed road can only be approx- 
imated at best and even this requires experience. Since it requires 
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five years or more for a road to attain its normal trattic, investors 
should not be disap{)ointed when the returns for the first few years 
are less than those anticipated. There are three general methods: 

[a) The annual reports of the Interstate Commerce Com- 
mission give the gross earnings from operation for the road in 
each of ten sections into which the country has been divided. 
Dividing this gross value by the population of the section (which 
is dedncible from the report) an ffvrrf/fje value per head of popu- 
lation for that section is obtainable. The value for the whole 
United States is, as previously stated, over ?24:, but the value for 
some one section may prove quite different from this. Multiplying 
the value obtained by the population which may Ix) considered as 
tributary to the route of the road, we have a very approximate 
value for the income of the road. The two obvious weaknesses of 
the method are that the receipts of the proposed road may prove 
very different from the average for that section and also that the 

.computation of the tributary ])opulation is a very uncertain calcu- 
lation. But since the metluKl may be easily tried, it furnishes a 
check of some value. 

(b) Usually there are one or more roads which may be 
selected which have substantially the same characteristics and 
whose incomes per mile of road are nearly equal and which supi>os. 
edly equal the expected income of the proposed line. Assuming 
the existence of such roads and tliat the engineer has sound judu"- 
ment in estimating their characteristics, this method is one of the 
best and should be employed if {)ossible, at least to check the value 
of any other computation. 

(<•) The best methcKl ( when well done) is to study tlie resources 
of the belt of country which will be tributary to the proposed line, 
3stimating the business obtainable from every factorv, mine, blast' 
furnace, farm, village, etc. When, as is usual, the line passes 
through or reaches cities which are already supplied with railroad 
facilities, the detailed computation of business becomes very un- 
certain. But if the chief business of the road is to develop local 
business along a routt» which has no other means of communication, 
then the computation is easier. The two dangers in the method 
lie in the entire neglect to allow for certain imj)ortant sources of 
income and, on the other hand, to overestimate the income from a 
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certain source. Analogons to the last is the neglect to allow for 
present or future competition, which may practically cut off sources 
of income. 

Although some idea of the product of factories and mines 
may be obtained from records as to their present or prospective 
output, the income from passenger business can only be computed 
from comparisons with other roads. The f rei^t business is gener- 
ally two-thirds of the business of a road, except on those roads 
which have an enormous suburban traffic. Although the average 
receipts per passenger mile is about two cepts, it is the enormous 
commuter business and the growth of travel on 1,000-mile tickets 
which brings down the average to this figure from the usual charge 
of three cents per mile and the even higher chaises on roads with 
light traffic and very heavy expenses. 

Tlie number of passengers per train is of course very uncertain. 
The average number of passengers carried for each passenger train 
mile, as previously stated, was 45, which is less than a car load. 
And when it is considered that even this average includes the 
heavy traffic roads and the well filled trains on suburban roads, the 
average number on a light traffic road must be very small. The 
nunil)er of j)a88cnfrer trains |)er day bears but little relation to the 
muiiher that can be carried in one train load — as the above (45) 
shows. 

The passenger l)usiness must bo developed, coaxed and en- 
couraged, which can only be done by a frequency of service which 
is usually far ahead of the recjuirenients from a mere hauling stand- 
jM)int. It is a very j)oor road which cannot afford two passenger 
.trains per day each way. The total numl>er of passengers carried 
might not sulHce to till one car, but it would probably be a far 
greater number than would be hauled if there were only one train 
j)er day. The criterion for an increase in number would appear to 
be as follows: 

When it may be shown that the increase in facilities due to an 
additional train will so encourage tralHc that the additional receipts 
will e(jual or exceed the cost of the additional train (which will be 
less than the average cost per train mile — as will be shown later) 
then the added train will evidently be justified. 

The average revenue per passenger train mile for 1902 was 
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given as ?1.0S, which includes receipts from mail and express as 
well as passenger receipts. The average receipts j)er freight train 
mile was $2.27, which is more than twice as much. And this is 
in spite of the fact that a passenger, weighing perhaps 150 pounds, 
paid about two cents |)er mile, while a ton of freight paid about 
0.75 cent per mile. This great difference is partly due to the fact 
that the ratio of dead load to live load in freight work is alK)ut 
one-half, but on passenger trains it may be five or even ten. An- 
other reason is that freight trains are made up if possible so that 
each engine is hauling about the limiting number of cars that it 
can handle (so as to reduce the number of trains required) while, 
as stated above, passenger trains are run frecjuently and light, so 
as to encourage the passenger traffic. 

162. rionopoly in Railroad Business. ()ne<langer to be con- 
sidered in the estimation of gross revenue, and al^o in the subse- 
quent design of the road and the facilities offered for trafHc, is the 
assumption that the road **will have all the traffic there is." Even 
ignoring the effect of possible future competition, which may be 
encouraged and somewhat developed by a marked lack of facilities 
on an existing road, it should be recognized that a large part of 
the trafHc de|)ends directly on the facilities offered A factory's 
very existence depends on its ability to collect its raw material, 
manufacture it and deliver it at the door of the average consumer, 
perhaps in a distant city, as cheaply as other manufacturers of the 
same article. Under close competition, an increase in one single 
item of expense, such as cartage from the factory to the railroad, 
may make up the difference between profit and loss. 

The ideal location for a railroad is that it shall pass through 
the heart of the manufacturing district of any city and that its 
passenger ' station shall be located in the immediate neighborhood 
of the business center of the city. The purchase of such property 
for tracks and stations after the city is well established is of course 
very expensive, but the disadvantages of a location which is con- 
siderably removed from the ideal location are very great. Theije 
disadvantages are so increjised under comjK^tition that a road's 
trafHc may be practically ruined. Even the jmssenger busineSB is 
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greatly affected. The passengerB who will travel anyway regaid- 
less of inconveniences are comparatively few. 

The most important practical feature of this question lies in 
the fact (referred to before) that the margin between profit and 
loss is very small, that a very, large proportion of the gross rev- 
enne must be paid out for operating expenses, that nearly all if 
not quite all of the remainder goes to pay interest on the bonds 
and that only a very small and doubtful percentage remains for 
dividends. It may therefore be said that Uie dividends come lit- 
erally from the unnecessary trafSc which must be coaxed and 
which will not travel on a road which lacks conveniences. 

The force of this may be seen still more by considering the 
easy financial condition of a well-established road. The receipts 
are large and are partly spent in creating still further conven- 
iences, commodious and convenient stations, better rolling stock, 
etc. These in turn encourage more traffic, which still further 
increases receipts, until there seems to be no end to the financial 
ability of the road. Such roads are the Pennsylvania, the New 
York Central and some others. On the. other hand, the poverty 
of a road begets a poverty of service which still further decreases 
receipts until ruin is in sight. Many a road has been practically 
conipelleil to supply free cartage for freight (or allow for it by a 
rebate) to compensate for an inconvenient freight station. The 
examples of roads which have [)aid enormous sums to bring their 
passenger terminals into the heart of a great city is very instructive 
in this re8j)ect. 

163. Division of Qross Revenue, Of tlie more than 2,000 
railroad corporations listed by the Interstate Commerce Com- 
mission, a very large number of them are so merged with the 
corporations operating them that their separate existence is only 
evident on paper. The capital stock of many of them is partially 
or entirely owned by the ojR^rating company and they are operated 
under a great variety of leases, etc. It is therefore difficult to 
obtain from the financial statement of any of the large corpora- 
tions a typical c^ise of the division of gross revenue. The follow- 
ing case may be considered as fairly tyj)ical: 

It is an independent road 871 miles long, with a capital stock 
of $1,114,400 and a funded debt of $^,415,000, which is made up 
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of bonds to the amount of $8,555,000 and "equipment trust obli- 
gations " to the amount of $860,000. This is evidently a case of 
a road built chiefly on the proceeds of the bonds, the issue of stock 
being quite small. The gross revenue for 1901-2 was $1,708,937. 
Of this $1,101,884 or 64.5 per cent was spent in operating ex- 
penses. Of the remainder $552,821 or 32.4 per cent was needed 
for the "fixed charges." This left only $54,232 available for 
anything else. Although this amounted to nearly 5 per cent on 
the rather small issue of capital stock, no dividend was declare-d. 
It was evidently preferred to add this amount to their working 
capital or perhaps to use it in improvements. Such an action is 
virtually the re-investment of profits for the improvement of the 
road. 

A similar average statement for the roads of the U. S. may 
be obtained from the I. C. C. report in which all the roads of the 
country are considered as one system by eliminating all intercor- 
porate payments. The gross income, which includes a small per- 
centage of "clear income from investments" was $1,769,447,408. 
Of this amount $1,116,775,785 or 63.1 per cent was spent in 
"operating expenses," which included a small amount for "sala- 
ries and maintenance of leased lines." The total fixed charcres 
were $322,478,387 or 18.2 per cent; the -net" dividends dis- 
bursed were $157,215,380, which is 8.9 per cent of the gross 
income, but only 3.6 per cent on the $4,314,055,951 of railroad 
stock " not owned by railway comjx)ration8.'" The remaining 9.8 
per cent, or $172,977,856, is the amount "available for adjust- 
ments and improvements." This includes nearly $35,000,000 
spent in "{)ermanent improvements" and some "advances to 
cover deficits in the operations of some weak lines;" more than 
one-half is set down as " surplus," just as in the case of the indi- 
vidual road first mentioned. 

164. Fixed Char^res. The fixed charges of a simple railway 
corporation which o|Xirate3 only the line which it owns will consist 
chiefly of the interest on its bonds. Besides this there may l>e 
the interest on "equipment trust obligations" which are merely a 
particular form of bond issued to pay for equipment needed by 
the road. Another item will be the interest on sundry interest- 
bearing current liabilities; this is generally but a small percentage 
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of the fixed charges, bnt the carrent liabilities are often made to 
disappear by a new issue of bonds which take up an old issne and 
at the same co^er all floating liabilities. 

Other items are taxes and << permanent improvements charged 
to income account." But the complicated financial relations exist- 
ing between operating roads and their leased lines introdaces some 
other items which are entered under fixed changes. One of these 
items, which is always less than one per cent of the total fixed 
charges, is called ^^ salaries and maintenance of organiasation.*' 
These refer to the salaries \^nich are paid to a few of the general 
ofiicers of a leased road who are retained to continue such work. 
Another item is placed among the fixed charges when it occurs; 
this is the rental paid for a leased road. As this is an *Mnter- 
corporate " payment, it did not appear in the above general sum- 
mary for the roads of the United States, nor did it appear in the 
detailed statement of the road previously described since that road 
had no leased lines. 

165. Net Revenue. The net revenue is that which remains 
after the operating expenses and fixed charges have been paid. In 
general it is available for dividends, but practically a very consid- 
erable proportion of it will be devoted to improvements or to the 
accumulation of a surplus which will serve as ''working capital." 
During the year 15)01-2 44.6 per cent of railroad stock paid no 
dividends, although the case quoted alK)ve is but one of many in 
which there was a considerable surplus after paying the 0[>erating 
expenses and fixed charges. Over 8 per cent of the stock paid 
dividends ranging from one to less than four jHJr cent. 

This small pro{>ortion shows the tendency to pass the dividend 
unless it may be nuide larger. Thirty-six and five- tenths per cent 
of the stock paid dividends varying from four to seven per cent. 
This represents the bulk of the stock paying normal dividends. 
Smaller percentages of the stock jmid higher rates. One and 
thirty-seven hundredths per cent of the stock (amounting to 
S82,51)4,;n5) paid dividends of 10 per cent and over. Of course 
this last represents roads which are short and very exceptional 
in character. It should also l>e kept in mind that the pei'centages 
of dividend-pajing stock quoted above are the most favorable of 
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any in the previous history of rail road ing. If the general pros- 
perity should ever return to the conditions existing during 1893 
and earlier, when about two-thirds of all the stock paid no divi- 
dends, railroad stock would be less attractive than now in spite of 
the abnormal profits which are occasionally realize^l. 

166. Operating Expenses. Uniformity per Train flile. The 
classificationof operating expenses here adopted will follow, both in 
general and in detail, the classiiicAtion used by the Interstate Ooni- 
mefce Commission. The figures given will, in general, l)e aver- 
age^. This is further justified ])y the very remarkable fact that 
the expenses y>('/' train in He are nearly constant, whether the trains 
be few or many, heavy or light. Of course there are very numer- 
ous exceptions, but it will generally be found that the marked ex- 
ceptions apply to very short roads having abnormal traffic or pecul- 
iar financial relations with a parent company which is 0{)er- 
ating it. 

The report for 1901-2 shows that the ten greatest railroads 
of the country, each operating more than 4,000 miles of road, spent 
SI. 107 per train mile. The average for the whole United States 
was §1.170(5. It should also be noted that the ratio of total oper- 
ating expenses to total receipts from o[)eration were 59.78 ])ercent 
for the ten roads and 04.00 |x*r cent for the whole United States. 
To judge of the opt»rating exj)enses of smaller roads, the figures 
for ten were taken from the report, the selections being made at 
random except that the lengths were all less than 100 miles and 
all of the roads were '* operating roads inde[)endent." The figures 
are as follows: 



N*) 


Lt»n>fth 


OperatluK exiK'iises 


Ratio of .total oiwnHliiK expenses 


Miles. 
21. 25 


IKT train miU'. 
$0.7(K}21 


to total roi'eipts from oi>eratlon. 


1 


71.02 per ceut 


2 


82.60 


0.47828 


64.21 


3 


81.00 


0.mK54» 


96.12 


4 


64.10 


0.1K)588 


48.41 


5 


42.00 


0.54828 


68.07 


6 


01.00 


0.75857 


81 .a5 


7 


50.00 


0.87450 


90.82 


8 


50.80 


2.07(M4 


97.58 


9 


70.78 


1 .02854 


58.46 


10 


52.20 


1.74052 


62.15 


Averajre 


- $0.07167 


72.80 


Whole r. 8. 


\MSm) 


64.66 
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A little study of the al)ove figures will show (as might be 
expected) that local conditions will so affect a very small road that 
its 0|X}rating expenses per train mile may be considerably greater 
or considerably less than the average. The average value for the 
ten short roads here chosen is less than the average for the 
United States, and although two of the ten are much greater than 
the average, it will be found that the average value for short roads 
will be a little Ichh rather than tjreater. 

The reasons for the uniformity are not ditticultto understand. 
Althougli the gross expense of any one item (such as rail renewals) 
for a large road is enormously greater than the same item for a 
small road, the divisor (the number of trains) is corres[)ondingIy 
greater and the (juotient, which is the expense for that item j)er 
train mile is substantially uniform. The reasons for this uni- 
formity will be still more apparent as the different items of 
expense are studied in detail. Therefore, in any future calcula- 
tions of o|K^rating ex[)ense3, an average value for any item may ho 
considered as apj)licable to any road, long or short, with light or 
heavy traffic, unless that road is subject to some abnormal operat- 
inir conditions. 

167. Classification of Operating Expenses. The study of 
till' ()|M'rcitinii; cxju'iiscs must include not only 
till* avcrat^t^ cost pci" train inilt\ as shown in - 
the acconipanvini^- taKular form, but also tlu' 
jH'ri'tMitaixe of each class to the total, as is 
shown in Tal)le \\\ herewith. In study- 

• 

\\\\l the tendency of any item of expense to 

increase (or to dt^crease) it must be remem- 

herecl that the (juantities o;i\en in Tahle XIV , 

are |)ei*c(Mita<''es. and that, altlion<xh any on(^ 

item may show a lower |)ercentao;e c)f cost ' Averajre, .IHMJHU 

than it did for previous years, the average "^ 

amount spent on it per ti'ain mile nffj bi' greater because that 

|)ercenta<'(' of the lii<'lier total cost per mile may be ixreater. A 

study of the perctMita^'cs of the four general subdivisions (items 

T) I to o7) shows that there has been an almost recfular increase in 

the expenditures for maintenance of way for inauy years past. 

This has been j)artly to make up for the excessive economies prac- 
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tised during the panic times of 1893, and also because the rail- 
roads are taking advantage of the recent prosperous years to place 
the roadbed in the l>e8t possible condition in anticipation of the 
slump which may follow. 

Maintenance of equipment has followed almost exactly the 
same course — an increase not only in [)ercentage, but a very large 
increase in the gross amount spent, and for the same reason as be- 
fore. The expenses of '* conducting transportation " are not so con- 
trollable as those of maintenance. They depend more closely on 
the volume of business done. Although the percentages have lx*en 
decreasing on account of the enormous increase in maintenance 
charges, the actual expenditures have increased on account of the 
increase in business done. 

The ''general expenses" show a reduction of 20 per cent (in 
percentage) from 1895 to 1902, but by multij)lying the j)ercentages 
given by the cost per train mile for those years, it will be seen that 
even the expense per train mile has increased. This indicates the 
general increase in the scale and cost of living in this country. 

168. Maintenance of Way and Structures. Repairs of 
Roadway. The work involved under this item has been referred 
to before under track work. The item includes all the items of 
kee[)ing up the roadway which are not sj)ecilically included under 
the succeedinir items. Its c/ross amount is enormous and even its 
{)ercentage has been increasing almost steadily for many years 
pist. About (>0 per cent of the cost of track maintenance is due 
to labor alone. The average wages paid to trackmen has increased 
from SI. 17 in 1895 to §1.25 in 1902. The tiuctuations in the rates 
paid to trackmen seem to follow very closely the tiuctuations in 
this item. 

Jien*.n/:i(li< ttf raUa, This item includes the cost of the rails, 
their inspection, and their delivery to tlu^ road, V)Ut it d()i»s not 
include their local distribution nor the cost of lavintr in the track, 
wiiich is chargKl up to *• repairs of roadway.". The lluctuations 
are due partly to tiuctuations in the price and partly to the fact 
that rail renewals may be somewhat slaved otf durini^ hard times 
until better times come, or until the roadbed gets in such a condi- 
tion that n»iiewals are imperative and then they come in a lump. 

litin tnti of tn.s. The tiuctuatious in tht» ]K*rcentages for 
this item are irregular and not readily explicable. The increasing 
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attention which is being paid to ties and their preservation on 
account of their growing scarcity may be somewhat responsible 
for some of the flnctuations. As with the previous, item, the cost 
of distributing and laying is placed under Item 1, but the item 
does include the first cost, inspection and delivery to the road and 
also the cost of tie plates, tie plugs and chemical treatment, if 
such is used. 

Items 4 to 10. (Table XIY) The present object of the 
study of these items is the determination of the effect of such 
changes of alignment as an engineer may make on these items in 
the maintenance of a road. Items 4 and 6 are large items, but 
the changes of alignment which will be hereafter discussed will 
not ordinarily affect these items unless it changes them propor- 
tionately to the change in alignment. Any such effects will be 
noted under their proper heads. The other items are so insignifi- 
cant that any ordinary error in estimating their effect cannot 
appreciably influence the final result. 

169, Maintenance of Equipment. Item 11. Superintend- 
encf. Tliis item includes the salaries of superintendent of motive 
])o\ver, master mechanic, etc., and therefore is independent of small 
Huctiiations in business done or in condition at length of line. 

[tt'ni. V3, Re])uirsi atui renewals of htctunotives. The cost 
of iliifl item is of importance to the locating engineer for he must 
know the effect on this item of a change in distance. It may bt< 
sjiid at once that tlie cost of this item is not directly proportional 
to distance aiul the same remark applies to many other items. 
Curvature affects the cost of repairing very greatly — chiefly in 
wheel wear, and the engineer must consider this in estimating the 
value of a savin tr in curvature. The rate of grade also has an 
effect on this item. The item includes all those expenses whose 
effect is supposed to last for an indefinite period in contradistinc- 
tion to the daily work of cleaning boilers, packing cylinders, etc., 
which is done by roundhouse men and which is charged to item 21. 

During the first years of the life of a locomotive, the repairs 
(barring accidents) \\\\\ be small, but as the locomotive grows older 
they increase in a growing ratio. When the annual repair charge 
becomes one-fourth (or in exceptional cases one-third) of its first 
cost, the locomotive should be sent to the scrap pile, for in such 
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cases the cost yer train mile lHH.*i>nies Iargi»r than a i^t^asouablo 
aDuual charge, allowing for all deprtn^'iation, on the cost of a new 
locomotive. When an oKl locomotive is rt^plactnl hy one of a 
better and more costly typt\ the tJt'rt>is cost shouKl be chargtnl to 
betterments or *' permanent additions to tHjnipment.'' 

The great increase in the jK»rcentagi^ of this item and the still 
greater increase in gross cost has Whmi due to the unpitHHHlentiHl 
increase in volume of business, which has ivfjuirtnl tlu^ uiilizalion 
of every locomotive wipable of hauling a load. If the imnuHliuto 
future should see a markcil slump in the business done by railroads, 
there would probably l)e a reduction in this iteuj. The elTt»ct of 
various changes of alignment on this item will be considered undt^r 
their several headinffs. 

Itevis 13^ 14 (ffiff 15, lit'fHilrs <nul rtftttrtth of' ntrs. Ah 
in the previous item, there is included all c^xpenses ncH*c»sHary to 
keep the cars up to the full standard as to number and condition, 
but it excludes all consumable supplies (oil, ice, waste, etc..) and 
also any excess of cost due to renewals being of higher grade and 
cost than the c^rs replaced. The engineer is ehietly conct^Mied 
with the cost of wheel re[)airs (affected chielly by curvature) and 
drawbar rej)air8, which are largely affected by grade. 

Iteiiift 10 to Iff, These items are very small, even in the 
aggregate. Under ordinary conditions, no change which an engi- 
nt»er may- make will affect these items in any ap[)reciable amount. 

170. Conducting: Transportation, /tr/n :^o, Sujurlntrnd' 
tfnrp. As before, this item is not affe<ft<*d by Huy small changes 
in alignment. 

///'/// m, Kutjhir niitl rottiitlhottMr nun. This is one of 
the largest single items in tin* whole list. It ineliides the wages 
of all enginemen and sueh of tln' rr>undhoiiHe men wlioh4^ work is 
in the daily care of the engines in contradihtin^'tion to thohe imh- 
ploye<l in making re|^irK Htem \'l^. TIht*' ban lx*en a Hh'UiJy 
increase in the daily wages of hU^'li nnii hiin'e \KS\. TminnnMi 
are usually paid on a mib-ag** ba*:!'*. Tbi« will not of <'oiirh<* \h* 
affecteiJ bvchang*-*^ in eurvatiir*' and p/niili* bnf 'Ijan^^s indiftian*'** 
may affect train wag«'H to ith full pio|;<;rf ion»t<' valu*-. Tbia s^ill 
l>e discuKse<l in detail und<-r •* I>j»Ttan<'4'/* 

Itt^m ,i'^. Fa*-!. With tli<- <'X''i'pli«in of lu-m 1. ILi-pfii*.^ of 
roadway, thie is the larg«-»:t hingle \\A*ui in the lifcl. And it )<iia 



grown, evoii in percentage, during reoent years, owing to tlit* g 
eral aJvaDce in wagf.s aud iu the sculu of living. Tlie item 
iutiludus the total cost of the ooal in the engine tender and there- 
fore includes the cost of dtjlivery, diHtribntion, and even the coat 
uf ojierating coaling stations. The ainonnt of fuel consumwl is 
quite largoly affected by changes in alignment, although it will lie 
shown that an invTeaee in distance will not aild iu [iroportivnnlc 
amount to the conaumption. The absolute coat per ton is eiccHMl- 
ingly variable. Koads which run thronghacoal region pun gome- I 
tinieB obtain their coal for lees than one dollar per ton, while roads , 
which are far removed from the coal regions may have to pay aix | 
or eight dollars per ton. 

Items 23, 24 aiul 2'>. Other locomotive »upplifn. Although 
there are some fluctuations in these items there is no apiiaittnt tun- 
dency toward any regular increase or decrease. It ia usual to cOn- 
Bxler that changes iji alignment will affect these items in the sauiv 
pro|)ortiou iis they affect the use of fuel. Although such an assump- 
tion is not strictly correct, the total of tbii item^ is sij stiikU that | 
any error in the. assmoplion is of no practical iniportanct-. 

Ftevi 26. Tniiagervhe. This largf* item includes thuwagee j 
of all trainmen- except the engine crew. As in item 21 there li 
l>e«u an almoat regular increase iu rate of compunsation per.dfiy 
(although thv' pfrreiUaye of the item per train mile has decreased^ 
since 1894- And also, Bin<'ii the trainmen are [taid on n mileage | 
basis, it will affect the cost of operating any considorable vhangtjs | 
of distance. 

Item 27. Train snjijAie^ awl erpetinfs. The item inctud«8 I 
all that large list of consumable supplies which are used on the 
train but not on the engine, snch as ice, illuminating gas, oil for ' 
htmps and for lubrication, coal used In car stoves, etc. The con- 
sumption of some of these articles is ohieHy a matter of timo; of J 
others, it is a matter of mileage. Fortunately the whole item' j 
is small, about 1^ j)er cent, and the uncertainties, as affectMl by i 
changes in alignment, are insignificant. 

Iti'inx 28 to 32. Although some of these items are large aud. I 
in the aggregate make up about 13 per cent of the total, they aro J 
but little it any affected by any changes which an engineer is , 
liable to make. There has l)een an almost uniform deorease 
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the percentage of these items per train mile during tlie last ten 
years. 

Iteiii 33. Car inHeatje, To save the rehandling of freight 
at the junction points of railroads, it has become the universal 
practice that freight in carload lots (or even in less than carload 
lots) shall be transported from shipping point to destination in 
one car, no matter how many roads it may pass over. Each road 
receives its proportionate amount of the total freight earnings 
received for the shipment, but it also pays to the road owning the 
car (which itnaj be a road having no part in that particular ship- 
ment) a mileage rate which is supposed to represent the value of 
the use of the car. Cars which are sent away from the home road 
are supposed to be returned to the home road at the first oppor- 
tunity. Any accident which may happen to a car while on any 
road must be made good by the road on which it occurs. This 
wise agreement among roads compels each road to place insjKJctors 
at all junction j)oints who inspect all arriving cars and who refuse 
to accept any car for transportation which does not conform with 
rigid rules regarding its physical condition. 

By a sort of clearing house arrangement the roads settle their 
debit and creilit accounts with each other by the payment of a cash 
balance. The item represents the amount of this balance and 
really shows the amount paid in cash by a road for cars in which 
to handle business on which they receive earnings. In that respect 
it represents hire of equipment which is hired to supply their own 
deficiencies. Since the payment for such cars is strictly on a 
mileage basis, any change in distance must be allowed for at its 
exact value. During recent years railroads have come to aw agree- 
ment j)roviding for a j)er diem charge in addition to the mileage 
charge to compensate for unreasonable delay, but such bookkeep- 
ing is of no concern to the lociiting engineer. The percentage of 
this item has been growing steadily less during rec^Mit years. 

Jtt'in 34. ll'trf iff iuiu'tpiiuid. This very small item rej)re- 
sents the payments made by some roads for sj)ecial equipment or 
that paid by a few roads which are so small and j)Oor that they 
hire some or all of their rolling stock. The item is non-existent 
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in the accounts of a majority of roada, and in any case it is of no 
concern to the locating engineer. 

Ftems 35 to 37. Damagee^ wrecks. Tlieee items are of no con- 
cern to the engineer except as he may consider the danger of acci- 
dents to be affected by carratnre. This element will be discussed 
under Curvature. 

Items 38 to 53. Under ordinary conditions t;heee items ars 
not affected by any changes which an engineer can make. They 
consist chiefly of those general expenses which are unaffected by 
modifications in location. They need not be farther discussed 
here. 

ECONOMIC LOCATION. 

171. Qeneral Prindptes Involved. A hasty mental review 
of the previous discussion, as well as a few considerations of com- 
mon sense, will show the truth of the following statements: 

(a) Disregarding the comparatively rare oases in this coun- 
try where a practicable location of any kind is a creditable engi- 
neering feat, it may be said that a comparatively low order of 
engineering talent will suflSce to lay out a line along any general 
route over which it is physically possible to run trains, and that 
there are usually sevenil such possible routes. The route selected 
may not bo favorably loc*ated for obtaining business, its aligument 
may be sueli that its o|)erating expenses are high, and the ruling 
grades may be so hi}j;h that only light trains can be run, but the 
road <'(fft be operated. 

(//) Amoiiij; the many possible routes which may be selected 
for a road, there is one which is superior to any other from an 
o[K*rating or business stand{)oint, and it is the province and test 
of the engineer to select that best route. 

(r) There are several more or less conflicting interests which 
must be studied — (1) the maximum of business must be obtained, 
but this is sometimt^s only obtainable at great initial cost; (2) the 
ruliuir (Trades must be made as low as possible, which is generally 
costly, and it Nhft/ require a location which will sacrifice some 
business; (;^) the alignment must be kept easy so as to reduce 
operating expenses, but this usually is very costly; (4) the total 
cost must be kept within a figure which will be justified by the 
future earnings and also leave enough margin as working capital 
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out of the total funds which are raised, so that the road may con- 
tinue to operate during the five or ten years which is required to 
build up the *' normal " traffic. 

((I) Each new route suggested forms a new combination of 
the above conflicting elements, and the business of the engineer is 
to estimate and compare these elements, selecting the combination 
which will give the largest return for the least outlay, considering 
both initial cost and future operating expenses as elements of the 
outlay. As a basis for this work, the engineer must understand 
the effect on operating expenses of changes in distance, curvature, 
and grades. The normal subdivision of operating expenses has 
already been considered. It therefore remains to compute the 
effect on several items of changes in alignment. 

172, Reliability and Value of Economic Calculations. The 
student ehould not form the idea that the following calculations 
will enable one to compute with mathematical precision the effect 
of changes of alignment. There are far too many elements 
involved, and the effect of certain influences is variable. But 
although a precise solution is unobtainable, a solution which is 
sufficiently accurate for practical purposes may be made, which is 
infinitely better than no solution at all. For example, suppose . 
that a very crooked stretch of road may be changed to compara- 
tively easy alignment which saves considerable curvature by an 
additional expenditure of say $2,000. Assume that there are 20 
trains })er day over that line, and that it has been computed (by 
methods developed later) that the operating expenses would be 
reduced by §350 per year by the reduction of that curvature. As 
$350 ]K*r year, capitalized at 5 per cent, is equivalent to an invest- 
ment of $7,000, and the improvement may be made for $2,000, 
the latter is evidentlv lustifiable. Such is the bare outline of the 
method. 

The estimate of the cost of the improvement may be accurately 
made, but it is not claimed that the estimate of the saving per 
year is precise. It may, however, be shown that, even with ample 
allowances for the uncertain items, it is practicable to assign upj)er 
and lower limits between which the truth must lie. A greater 
knowledge of the subject and greater experience on the |)art of the 
engineer will enable him to narrow those limits so that. the. error 
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is iiiuuaterial. And frequently even this is unnecessary. The 
real question is not whether the capitalized value of the improve- 
ment is 87,000 or 85,000 or 8«).000. It may be that an improve- 
ment which would make possible that saving may be made for a 
few hundred dollars, or it might require 820,000. In either case, 
the true answer is unquestionable. 

If the cost of the improvement is very nearly equal to its 
comjmted capitalized value, then no great harm can come from 
either decision, for the decision would then be based on the willing- 
ness of the company to spend additional money. The method 
furnishes a criterion, which even in the hands of an inexj)erienced 
engineer has some value, and which alone gives value to his opin- 
ion. But the method enables the experienced engineer to give 
the best opinion which is obtainable, for it enables him to apply 
his exj)erience to a method of computation which approaches 
accuracy as nearly as may be. 

It must not be supposed that the numerical values worked out 
in the following jmges are necessarily applicable to any assumed 
case. They are given to show the inithofl of their derivation, and 
should 1h» nKwlitied to fit local conditions according to the l)est 
jiuliniitMjl i)f tilt' rijiriiK'tT. 

DISTANCE. 

173. Relation of Distance to Rates and Expenses. Kutes 
aiv usuiillv IkisimI oh distaiuH' traveltMl on the apparent assumption 
that the value of the serviee rendered and the cost to the coni]>any 
are directly proportional to the number of miles traveled. Neither 
assumption is true. If a passenger or a load of freight is to l)e 
transi)()rted from one eitv to another eity 100 miles away, the serv- 
ice rendered is to aeeomplish the transfer as easily and quickly as 
possihlt". If another road were constructed, perhaps at extravairant 
cost, l»y which the distance were cut down to IM) miles, that road 
would rendtM* a orrater and better service, In^cause it would reduce 
tlir necessary travel, and yet on the mileacfe basis the shorter road 
would he entitled to less than the other in spite of the fact that it 
renders a hetti'r service. 

The assum])ti()n that the cost is proportional to the distance is 
more nearly correct, although, as will be shown later, even this is 
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far from accurate. It is not difficult to compute an average cost 
for a large number of passenger trains, and by dividing it by the 
total passenger mileage, obtain a value of the cost of a " passenger 
mile." But the additional cost of transporting one additional 
passenger on a regular train is hardly niore than the cost of print- 
ing his ticket. Even if it were practicable to compute the extra 
consumption of coal and the infinitesimal addition to other oper- 
ating expenses due to his being on the train, the added cost would 
evidently be but an insignificant fraction of the average cost of a 
passenger train mile. The same argument holds if we consider 
the additional cost of an extra ton of freight. 

By the same line of argument it will be shown that a change 
in distance will not affect the cost of running trains in proportion 
to the change. It is easy to see that general expenses will be abso- 
lutely unaflFected by an alteration of alignment which saves a mile 
in distance, and it will be shown that even the consumption of fuel 
does not vary in proportion to the distance. If it were practicable 
to construct a tariff of rates which should consider excessive curva- 
ture and grades on the various parts of the line and make the rates 
dependent on them as well as on many other constructive features 
which add to the cost of operation, the rates would be more nearly 
proportional to the cost, but the public would not appreciate it and 
it would be useless work. And when it is further shown that it is 
sometimes justifiable for a road to haul competitive business at a 
rate actually less than the average cost of their traffic, it will be 
seen that the relation of distance to rates and expenses cannot be 
expressed by any simple proj)ortion. 

174. Effect on Operating: Expenses. Studying the items of 
Table XIV, it may be seen first that the cost of items 1, 2, 3, and 
5 for any additional length of track will evidently be proportional 
to the distance. These items make up nearly three- fourths of the 
total cost of nuiintenance of way. The effect of the other items 
will depend largely on the extent of the distance added, whether a 
few hundred feet or measured in miles. In any particular case, if 
there is any radiciil difference between the lines compared, the 
effect of the particular change (as for instance the cost of main- 
tenance and operation of a drawbridge divided by the number of 
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trains using it) should be added to the cost of operating that 
route. 

Items 4 and 6 must be studied for each problem in this 
respect, but for average figures we may say that when the distance 
is great we may add 100 per cent, and when it is small, we may 
neglect them altogether. The same estimate may be made for 
items 1) and 10. Except in special cases, a change of plans will 
not affect item 7, and even if it did it would be a separate affair 
and form no part of the problem of a change in distance. It is 
estimated that item 8 will be increased about 60 per cent by an 
increase in distance. Fortunately the item is so small that even a 
large change in this estimate will not appreciably affect the final 
result. 

The effect of an increase in distance on items 11, 17, 18, and 
19 is very uncertain. From one standpoint it is difficult to see 
how there would be any effect, especially if the change is small. 
But from the broad stand|X)int that any increase in distance must 
have its effect even though it is not directly j)erceptible 50 per 
cent has been added for small changes of distance and 100 per cent 
for greater changes. As before, the insignificance of these items 
will ])revcnt any probable error in these estimates from being 
appivc*ial)K'. Item 10 will not be affected. 

The larcrer items 12 to 15 need special study. Rolling stock 
deteriorates [l] with ajjfe, retrardless of usafje; (2) on account of 
strains due to stopping and starting; (3) on account of wear and 
tear due to curvature; [-i) on account of the extra strains due to 
irrades; (5) on account of strains due to traction on a straitrht and 
level traek or to that part of the traction for which curves, grades, 
and other such causes are not res])onsible, and (6) the deterioration 
of locomotives is largely due to the strains of expansion and con- 
traction, especially of the firebox, when fires are drawn. 

Note that of all the al)ove causes, the mere addition of dis- 
tance is res|)onsil)le for one, and for one which is evidently but a 
minor part of the total. If the added distance involves added cur- 
vature and grade, these must be com])Uted se])arately. We must 
first estimate the effect of cause (5) on item 12. The records of 
engine repairs show the pro])ortionate cost of repairs to boiler, 
repairs to running gear, etc. The method and result here given is 
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that developed by the late A. M. Wellington several years ago, 
and in the absence of anything better it will be used. 

The boiler is found to be responsible for 20 per cent of the 
repairs to engines, and he divided the 20 per cent by assigning 7 
per cent (al>out one-third) to '* terminal service, getting up steam 
and making up trains," 4 j)er cent to curvature and grades, 2 per 
cent to starting and stopping at way stations, and the remaining 7 
percent to distance on tangent between stations. Tlie other items 
of engine repairs are similarly treated with the net result that mere 
distance is estimated to be responsible for 42 per cent of all loco- 
motive rejyairs, and this estimate will be used for all changes in 
distance, great or small. The causes of deterioration of cars may 
be classified as above, omitting merely the last. 

A very large part of the repairs of freight cars are those due 
to draft gear, the injuries to which result almost exclusively from 
the hard service they receive in terminal yards and on the ruling 
grades of the road. Another very large item is the renewal of car 
wheels, the wear of which is due very largely to curves and to the 
action of brakes on heavy grades. In view of all these facts it is 
not surprising that Wellington allowed only 36 j)er cant of the 
repairs as being due to mere distance. This applies to items 14 
and 15. 

The rej)air8 of passenger cars are somewhat dilferent. They 
are not subject to such rough usage as freight cars, but we may 
assume that the proportion of repairs of their drawbar gear, which 
is due to mere distance, is the same as with freight cars. The effect 
of mere distance on running gear repairs may likewise be considered 
the same as with freight cars. A very large item in the repairs 
of passenger cars is for painting and varnishing and such deterio- 
ration is due largely to mere time and age. Another item is for 
the car furnishings whose deterioration dej)ends on a variety of 
causes. Although many of these sub- items should have some- 
thintr more or less than iM) per cent assii^ned to distance, that fimire 
will also be used for item 14. Even admitting an error of 20 |H»r 
cent in this estimate, it would affect the final result by less than 
one-half of one j)er cent. 

Among the items of conducting trans jK)rtation, we may at 
once strike ont items 20, 30, 31, 32, 34, and 38 to 40 as being 
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unaffected by any changes of distance, great or small. We may 
also say from mere inspection that items 33, 35, 36, and 37 should 
be allowed the full 100 per cent. 

ItcDi 21. As previously intimated in § 170, train wages 
are paid on a mileage basis usually, but it is a basis which is not 
strictly proportional to the mileage. When practicable and con- 
venient, a ^' division " of a road is made nearly 100 miles long, and 
this constitutes a "' run." When the division is longer than this, 
it may be called IJ, 1^ runs, etc. The trainmen are therefore paid 
according to the number of runs made per month. This is espe- 
cially necessary in freight service in which there is often no dis- 
tinction of day or night, w^eekday or Sunday, and when any method 
of compensation based on the number of "days" of work becomes 
impracticable. 

The practical effect of this is that any slight changes in dis- 
tance, measured in feet, would not change the calculation of wages 
by the smallest unit of its measurement, but when the change must 
be nieasured in miles, we must give it its full value. Item 21 
includes the waires of roundhouse men which constitute about 7 
per cent of the item, and of course their wages are unaffected by 
any cliMiiij^t' of line TluMvforo we may say tliat 93 per cent of 
\W\n *Jl will ln' aiVrc'ted by chancres measured in miles, but that the 
itt'iii is unatFcclrd by small chauixes in distance. The same line 
of art^unieiit a|)[)lu's to ittMn 2() except that 100 per cent is allowed 
for lartre chanjjfes and notliintr for small chanrres. 

ft* III 'J'J. F((' J , The causes affecting the consunjption of 
fuel may he elassititMl as follows: 

« 

(I) i\rere lirin<i; ii|), drawino; of tire and banking, which has 
been estimated to be responsible for 5 to 10 ])er cent of all the fuel 
eonsunuMl. for the i)olicy of l)ankin(r tiivs consumes fuel althouufh 
it saves the locomotive by avoiding so many excessive changes in 
tein])eralure. 

Cl] ( \)nsu'n|)tion while standing still, which is su])posed to 
amount to from ;i to per cent of the total, for the time sj>ent 
standing still wliiK^ steam ])ressure is up amounts to a considerable 
proportion of the total time, especially with freight engines. 

(8) Sto[)pin;i; and starting, especially the latter, for the trac- 
tive resistance is then very great, the engine works at full stroke. 
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making a heavy draft, forcing the lire; this is estimated to con- 
sume 10 to 20 per cent of the total; and in the case of trains mak- 
ing frequent stops and high speed between stops, such energy forms 
a large part of the total. 

(4) Curvature is estimated to be responsible for about 3 per 
cent of the total; such a value is only an average value at its best, 
and does not mean that 3 per cent of the consumption for any one 
mile, or even for any one division, would necessarily be required 
to overcome the curvature resistance, but it attempts to give an 
average value based on the average curvature per mile of road in 
the country and on the added resistance caused by such curvature. 

(5) Grade, which is "Computed, by a process similar to that 
above, to be responsible for 15 per cent of the total as an average 
value. xVdding up these percentages, we find a minimum of 3() 
per cent and a maximum of 54 per cent, or an average of 45 per 
cent, as the percentage of fuel which is not recjuirtn.! for direct haul- 
ing. This shows that only 55 per cent of the average consumption 
j)er mile is required for an addition of one mile of straight and 
level track. If the added track has curvature and grade, an extra 
allowance must be made for that, as will be developed later. 

[tans 23^ 24^ and 25. When the water supply comes from 
the company's own pumping stations, the additional supply for an 
additional mile is practically insignificant; if it comes from a 
uietered municipal supply, its additional cost will be nearly pro- 
portional to the added distance; therefore, as an average value 50 
per cent will be added, and the same amount will bu added for 
items 24 and 25. 

Item 27^ train supplies, includes items w^hich are evidently 
directly affected by changes in distance and others which are but 
little if at all affected; therefore an average of 50 per cent will Ih) 
allowed. 

/ttini 28, The necessity for flagmen and watchmen must be 
considered as being directly propf^rtional to the distance, but on 
the other hand an addition to distance wmII not usually increase 
the numl>er of switchmen who are chiefly required in yards and 
terminals; therefore 50 per cent will be added. 

/tent 29 includes the wages of o[x?rators (unaffected) and the 
exj)ense8 of running the stations, maintenance being provided for 
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in item 8 ; althoogh a little more battery material wonld be expended 
in sending the cnrrent tbrongfa the additJonal line, the iDcresse in 
expense will be eo utterly insignificant that it will be ignored. 

Collecting the above estimates in a tabulated form we have 
Table-XV. This shows that if the additional distance is small, the 
cost per mile of nmning a train over the extra distance will be 
onlj 36 per cent of the Brenige cost of a train mile and that the 
cost is increased to 58 per cent if the sidded distanoe is very great. 
From 1895 to 1002 the average cost of a train mile increased from 
less than 92 cents to nearly 91.18. The average from 1893 to 
1902 was 99.68 cents. Altfaongh the |H«Benthigh value will prob- 
ably be somewhat reduced in the fatnre, it is unlikely to sink to 
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the low value of 1895 unless there is some radical change in methods 

of operation. 

Calling the cost of operation per train mile the average value 

of $1, the above percentages may be at once considered as cents 

per train mile. A regular train running each way every day of 

the year would cost 2 X 305 times the above values. If the train 

only ran on week days we would need to use 313 instead of 305. 

The added annual cost j)er daily train each way for each foot of 

distance is 

35.45x305x2 

V>S(1 ~ 4.90 cents (iW^) 

Similarly the added annual cost per daily train each way for each 
mile of addtnl distance is 

57.09 X 305 X 2 = $421.14 (105) 

175. Numerical Example. lieihiatlori of distance. As- 
sume that by straightening the line of a road through a rough 
section of country, although at the expense of considerable earth- 
work, the line may be shortened 342 feet. Assume that there are 
10 trains per day each way. How much expenditure will be justi- 
fiable to accomplish this ? Using the value given in equation 104, 
we have an annual saving of 342 X 10 X 4.9 cents — $208.13. 
Capitalizing this ^t 5 per cent it would justify an immediate ex- 
penditure of $5,302. 

In order to give some idea of the reliability of this estimate, 
and the effect of a very large change in some of the items in Table 
XV, the estimation of which may be considered doubtful, assume 
that the estimates of 42 and 30 j)er cent of the normal average for 
repairs of rolling stock is considered too small and it is made 
double — or 84 and 72 per cent resj)ectively. Supj)ose also that 
the item for fuel is made 75 per cent instead of 55 per cent. The 
combined effect of these additions would be to compute the saving 
per foot to be 0.01 cents instead of 4.90 cents, while the ciipital- 
izeil value would be increased to $0,577 instead of $5,302. The 
additions to these items were purposely made excessive and beyond 
any reasonable estimate of their true value, and yet the final value 
was altered only 22 per cent. 

As said before, the value of these estimates lies in having some 
criterion, even though inaccurate, rather than none at all. If the 
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suggested improvement can be made for say 82,000, it is evidently 
justifiable beyond question. If it will cost $20,000, it is evidently 
unjustifiable, equally beyond all question, and yet without some 
such method of computing the operating value of such an improve- 
ment, few engineers could form much idea of its value. 

176. Effect on Receipts. Aniong all the details of align- 
ment, distance is the one for which there is some compensation in 
an increase, and that is because rates are based on distance rather 
than on curvature or grades. Although it is unquestionably con- 
trary lo public policy to burden traffic unnecessarily l)y an increase 
in distance, yet it maybe demonstrated that the added receipts from 
non-competitive traffic due to such increased distance will amount 
to more than their added cost. But in order to study this feature 
proj)erly the distinction between competitive and non-competitive 
rates must be noted. For our purposes traffic may be classified as 
'^ through" and "'local," in which through traffic refers to that 
which passes over two or more roads, no matter how long or short 
any section of the trif) may be, and in which local traffic refers to 
that which is confined to one railroad system though it may run 
from one end to the other. Further sulxlivison is necessary as 
follows: 

A. Non-competitivt' local — on om^ road with no choice of 
routrs. 

I>. X()n-(M)injK'titiv(^ thr()U(i;h — on two (or iiiort'i roiuls Imt 
with no choice. 

( '. Compctitivt' local — m choice of two or more routes, but 
the entire run may he ukkK' on the home road. 

1). (Competitive through — direct competition between two or 
more routers, each passing over two or more lines. 

K. Semi -competitive through -a non -competitive haul on 
the liome road and m com])etitive haul on foreign roads. 

Recei|>ts for trallic |)assing over two or more lines is divided 
l)et\veen the lines in pro])ortion to mileage. '* Terminal chargi's '' 
are sometimes su])trHeted from the amount before the division is 
made and sometimes a stronjr ix)a(l forces a weaker road to submit 
to some other exaction l)efore the division is made, but the final 
division is made in ])roportion to the mileage for each passenger 
ticket or each freight bill. We have seen in ^171 that the cost of 
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operating an additional mile is about 58 per cent of the average cost. 
This means that on all non -competitive business (Class A) there 
is an actual profit in this added distance. On the other hand, com- 
petitive rates are made with small regard to distance, are generally 
equal, and therefore any added distance results in a sheer loss with- 
out any compensation. This applies to all the traffic of class C. 
The other classes of traflic are affected by distance in various 
degrees between these two extremes. To illustrate: Suppose that 
the distance on the home road for any given shipment is 100 miles 
and the distance on the foreign road for that shipment is 150 miles; 
suppose that the freight charge is §10; then the home road will 

receive T7wT~i ~i>t\ X $10 = $4.00. This means 4 cents per mile 

for that particular class and weight of freight. Suppose that the 
distance is increased 5 miles on the home road, but assume that 
the traflic is wholly competitive and therefore that the total rate 
received will be §10, regardless of the added distance. Then the 

home road will receive va-^ — t^ta X $10 = $4.1176. If we allow 

10e> + loO 

to the original 100 miles its full previous allowance of 4 cents per 
mile, we have left 11.76 cents to pay for the extra 5 miles. This 
is at the rate of 2.352 cents per mile, which is 58.8 per cent of the 
four-cent rate. 

Til is is slightly more than the previously computed |)ercentage 
of added cost for additional distance computed in miles. There- 
fore, if the original four-cent rate is profitable, the added receipts 
due to the added distance will be suflicient to operate the added 
distance profitably. Incidentally, the foreign road suffers, for it 
wjll receive less for precisely the same service. The above numeri- 
cal case is very nearly at the dividing line betwt^en profitable and 
unprofitable additions to distance. If the length of the home road 
is but a small proportion of the total distance, then it may be simi- 
larly computed that an addition to distance is distinctly j)rofitable. 
On the other hand, if the length of the home road is a large pro- 
portion of the tota'l distance, an addition to distance is distinctly 
unprofitable, and when the length of the foreign road is zero (which 
means that the competitive haul is entirely on the home road) then 
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any addition to distance is sheer loss without any compensation, 
even ].>artial. 

Tlie above numerical case represents but one of an ahuost 
infinite number. Each station along the line has possible traltio 
connection with almost every other railroad station in the country. 
The route from each station to every other station represents a new 
combination, and the net effect of the added distance is the com- 
bined effiH?t of all the separate cases. This instantly shows that a 
precise mathematical solution is impossible, but the above solution 
has value in pointing out some general truths as follows: 

(</) In all non -competitive business, whether through or 
local, the added receipts due to added distance will be profitable, 
and if the business of a road is almost entirely non- competitive 
there is little or no disadvantage in added distance, especially if 
the construction is cheapened in spite of the added distance. 

(6) When roads handle a very large amount of competitive 
business any additional distance may be a source of loss on that 
class of business, and the loss may be so serious as to justify a con- 
siderable exj^enditiire to reduce it. Another reason for the sub- 
SiHjuent expenditure of money to reduce distance is that, after 
fiviirht ratt's are once establisheil between roads on throutTh bu.>i- 
ness, tliry are not apt to be disturbeil to make them conform to the 
sliirht tluctuatioiis of distance caused bv chancres in the alitniment. 

\^(') The above statements Ciin be reduced to the general con- 
elusion tliat since every road handles a considerable proportion of 
non -competitive business, there is always some compensation for 
the ad<led ex])enses of operating additional distance. The majority 
of small roads do a business which is almost wholly non-competitive, 
and to them the added receipts will usually pay for the added dis- 
tance, even if it is not an actual source of profit. Finally, it may 
be said that a road is not usually justified in making an additional 
expt^uliture to shorten distance (/.(., adopt a route which will have 
a o^reater gross cost in s])ite of the shortened distance) unless it 
handles a very large amount of highly competitive business. 

There are some other considerations which must not be icrnored 
in considering this (juestion. One of them is the question of the 
additional time required to make the trip. I3ut this is ordinarily 
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to be considered only with resjieet to eomj^titive j«ssengi»r Imsi- 
ness, and even then the cases are conlineil to the conijx»tition of 
trunk lines between important cities. The other oonsidenition is 
the possible eflfect on the business done. •• A short straight line " 
is the popular description of a well-designtxl road. If the enixi- 
neer's aim for a short road leads him to jvass by souiws of income 
so as to lose them, his road will have little business aiivl riHluciHl 
receipts because it is short. As a general rule *• adopt that route 
which will give the greatest traffic jH*r mile of road.'* On the one 
hand this avoids the error of runnincj a line which is excessively 
crooked in the effort to secure every possible element of traffic and 
thus burdening the whole traffic with an excessive haul, and on the 
other hand running a line which misses im[K)rtant sources of tratlic 
in the effort to have a straight line. 

CURVATURE. 

177. Operating Disadvantas^es of Curvature. The non- 
technical mind appreciates, even too readily, the disadvantages of 
curvature. But it is generally true that the disadvantages which 
are most thoroughly appreciated by the pul)licare of least economic 
value to the encrineer. The several disadvantaires will be classilied 
and discussed in an order which is j)erhaps the inverse order of 
their importance. 

(1) 'It increases the danger of collision and derailment and 
aggravates the damages of a derailment when it occurs. The aj)])li- 
cation to be made to this statement of undoubted fact is, -how 
much is a road justified in expending in order to rcMluce or elimi- 
nate any given curve i Since the entire elimination of curves is a 
physical as well as a financial impossibility, the question ri^chuu^s 
to the lessening of danger from accidents that would result from 
such reductions as are possible. The I. (\ i). rej)ort on railroad 
accidents for the year endin<T June 80, 1002, sIiowcmJ that the num- 
ber of passengers carried one mile for one killed was 57,022,2H8. 
This means that the chances are even that a passenger could ride 
57,000,000 miles before ho would be killed. If he were to ride 
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t'ontiiHiouslyat the rate of CO miles per hour, it would require over 
1>,500,000 hours or nearly 400,000 days, which is considerably 
over 1,000 years. 

But how many of such casualties are due to curvature, and 
how many million miles must be traveled by the average passenger 
for one killed due to curvature which is physically or financially 
avoidable ? If all of the above traveling was done on the railroads 
of this country, on which there are over 200,000 curves, what is 
the probability of its happening on any one curve and how much 
may he s})ent on that curve to reduce the danger ? And if it were 
spent, would there remain i}0 danger of an accident there ? A 
thorough logical analysis of this question shows that although it is 
always proj)er to take reasonable precautions to avoid accident at 
an especially dangerous curve (such as maintaining a flagman 
there) it is impossible to assign any financial value to to the mere 
ihimjcr of accident which would accomplish anything toward modi- 
fvinor construction. 

(2) (^irvatu,re may aflfect traflic {a) by reducing the possible 
s|K'tMl of fast trains. There is some force to this objection as it 
a])plies to sharply com|)etitive traffic between two cities — a traffic 
of wliicli most roads luive not a trace. The extent to which the 
|)asstMi<jjt»r trallic niio;ht* be increased by the minute or two which 
niiirht 1)0 savod is however so uncertain that it defies analysis. (/>) 
It may producv rouj^h ridintj, and (/•) it may create an a[)prehen- 
sioii of (laiM'i'i* which mav of itself deter travel. The disadvantatres 
result iiKT from all three of these sub-causes are greatly reduced bv 
o-ood roadbeds and transition curves. Freight traftic, which com- 
|)rises about two-thirds of the total, is wholly unaffected by it, and 
tlie passenirer trallic of most roads will not be influenced by it, 
ami therefore an encrineer is not ordinarily lustified in trivincr it any 
liiiaueial weiirht. 

(8) It iiunj affivt theo|)enition of trains (^/) by limiting their 
lensrth and (/>) by liniitiuiX the tyix^ and weight of engines. There 
are a few instances known where roads which run along a river 
bank, have very easy ruling grades and on which the curvature is 
])erliaps very sharp on account of sharp bends in the river. On 
sueh roads the curvature may be the feature which limits the length 
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of trains, but such cases are rare and even when they occur a com- 
putation similar to that later developed will show how much may 
profitably be spent to reduce the rate of curvature. If a long grade 
up a mountain were kept uniform, regardless of curves, the curves 
would add such resistance that they would limit the length of trains, 
but good practice requires that the grades shall be '"compensated 
for curvature," as explained later. 

The excessively sharp curvature which has been used on some 
mountain roads will certainly preclude the use of some of the largest 
types of locomotives. But such roads do not have a traffic which 
justifies the use of the heaviest locomotives. And it has been 
found that even consolidation engines have an ability to run around 
sharp curves which is surprising and which permits their use on 
any ordinary curvature. 

(4) Curvature increases operating expenses. This disadvan- 
tage is definite, positive and approximately computable and since a 
reduction in expenses may be made by reducing curvature, we 
must calculate the effect of curvature on operating expenses. 

178. Effect on Operating Expenses. Although no exactitude 

may be claimed for the 
statement, it is nearly 
true that the expense 
of operating trains on 
curves between two tan- 
gents is independent of 
the degree of curve. If 
A B in ¥\g, 157 is a 5' 
curve and A' B' is a 12"" 
curve between the same 
tancjents, the rail w^ear 
per foot of curve and 
the wheel wear per foot 
of travel on the curve 
w^ill of course be greater 
on the 12^ curve, but 
the curve is correspondingly shorter. Therefore the assumption is 
made that the total rail wear dae to the passage of a given num- 
ber of trains from A to F i same as that from A' to B'; 




Fig. 157. 
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a similar assumption is made regarding other expenses wUch are 
affected by curvatnre, and this leads to the conclusion that the 
cost of operating a given curve is a function of the number of 
the degrees of central angle and that it is independent of the 
radius of curvature. 

While the train resistance due to curvature depends on the ve- 
locity and 6n other causes which makes its relation to degree of cur- 
vature somewhat uncertain and even variable, it may be stated as 
an approximate figure that the added resistance due to a continuous 
10° curve is about equal to that on a strai^t and level tangent. 
Doubling the track resistance will increase certain items of expense 
by computable amounts. 'Hieir combined value is a certain per- 
centage of the cost of .a train mile, but since a continuous 10° curve 
will have 528° of central angle in one mile, V of curvature will be 
responsible for ^^ of that added cost. Such is the bare outline of 
the method. 

It will simplify the calculations while studying the items of 
Table XIY to throw out at once those items which will be un- 
affected by curvature. Beginning with the items of maintenance 
of way, we may at once throw out items 5 to 10. Ordinarily even 
item 4 may be thrown out since culverts are unaffected and bridges 
and trestles are not placed on curves if it can be avoided. In a 
special case allowance should be made for this item. 

Item 1: A very large proportion of the sub-items, such as 
ditching, weeding, care of embankments and slopes, are unaffected; 
assuming that 50 per cent of the sub-items are unaffected and that 
the others are affected an average amount of 50 per cent of them- 
selves, it would add 25 per cent to the cost of this item. . 

Item 2: Experiments on the relative wear of rails on tangents 
and on curves would seem to indicate that the wear on a 6"^ curve 
is about twice that on a tangent, or that the extra wear on a 6*^ curve 
is equal to that on a tangent, and also that the extra wear varies ap- 
proximately as the fiquare of the degree of curvature, which means 
that on a 10^ curve the extra wear will be 300 per cent of the normal 
rail wear on a tangent. Even admitting the accuracy of this last 
statement, the rail wear is not proportional to the degree of curvature 
and therefore the total excess wear for each degree of central angle 
will not be uniform. But the value of 300 per cent for the excess 
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rail wear on 528^ in a mile will be used, and it will be shown later 
that an excessive variation from this estimate will not largely affect 
the final result. 

Item 3: Ties work loose on curves more readily than on 
tangents, and, because they must be re-spiked more frequently, 
the ties are "spike-killed" before they decay. It has been 
(estimated that a tie which will last nine years on a tangent 
will last six years on a 10^ curve. If the life of other ties is in the 
same proportion, this will add 50 per cent for this item. 

Among the items of maintenance of equipment items 11, 10, 
18 and 19 may be at once struck out as being unaffected. 

Item 12: Curvature affects engine repairs chiefly in the extra 
wear of wheels and in the straining and additional power required on 
curves. As the result of an elaborate analysis of engine repairs 
with an estimate of the proportion of them which are due to curva- 
ture, 6 per cent of all engine repairs are assigned to this cause. 
The average curvature on railroads amounts to about 30^ per mile. 
If engine repairs varied directly as the amount of curvature, 528° 
per mile would increase the item for repairs by 17.6 X 6 or practi- 
cally 100 per cent. Regardless of what the engine repairs might • 
become on a 10"" continuous curve, since we divide our final result 
by 528, we may consider that -^\^ of the above figure will be correct 
for ordinary curves and therefore will add 100 per cent for the 
excess wear due to 528°. Althoucrh the effect of curvature on car 
repairs is likewise indefinite, the same value 100 per cent will be 
used for items 13, 14 and 15. 

Item 17 : The increase in this item will probably not exceed 
50%. 

Cowiacthuj transportation: Items 20, 21, 26, 27, 29 to 34, 
and 38 to 4f) may at once be cut out. 

IteriiH 22 to 2t): It was shown in §174 that about 50 to 55 
per cent of these items are required to haul a train an additional 
mile and since the 528"" of curvature is assumed to double the train 
resistance the increase in these items should be the same as that 
shown in Table XV. 

Item 28: In general, curvature will not increase this item; 
in special cases extra flagmen are required to watch especially 
dangerous curves, but such cases may be allowed for if necessary; 
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:w j^rt of ihis iiein shoaM becharoed against curvature in general. 

/:, iS .V:> to 37: As stated before in §177, a large prt of 
:he^ items hare do reflation to curvature; item 35 may be altogether 
iiliK^r^; ii will pr\>lxibly l)e excessive to allow 50 per cent of 
icem< ^^> axnl S7« bat this will be done. 

AvvM :<7 A» 53: These are evidently unaffected. 

ColWting the above estimates and tobulatiiig them we have 

TABLE XVI. 
Effect <Ni Operaiinir Expenses of Changes in Curvature. 
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v\»/>i.ii r !:.i; :-;o :ivvo jK'!\v:H:ii:^*s as »> /^/s per mile — sinc^, 
;i> .vfv^rw :!..' -.iwt.iv;^' oost |vr mile is so nearly equal to SI — then 
\\\« tii.iv siy :!i;i: 1 v»f *.vn:r:\l anijle will increase the expense per 
: :-i'n *>\ , '; ^ of :'^t*.»>l vvnts. Multinlvinij this by 2 X 3t^>5, we have 
40 v\':\:s ;is :ho oost |vr year for eaeh round trip of each daily 
:!-:»in o: I o: vuiirral ariijle in a curve. 

17^, Numerival Example. Ik-, hi tl'^tt *>f curvet are, As- 
>:r;u» ::i.i: ;>v a ch:i:io* *^*f alivjnnient, which is now coniiuon and 
:\iir-!:sr in ::io n.\vnt nvv»!istruction of the jxreat trunk lines, an 
ra>y a'. i;;:ntiv :i: is sa^sti:u:t\l for a series of sharp reversed curves 
sv» t!\;»: a >:;!i u>:a! of 10"^ of central anvjle is rt^luced to 72\ thus 
sa\i:io; o''» of cenrnd an^jjle. Assuine that there are sixteen daily 
tniias eacii w.iy. llow much exjviuliture will l>e justified by this 
sa\ in^r l.>:i r.^. uinnv Uasis it will Iv ot) X O.li X l*^) — §370.82. 
i'apitali.:in;L:: this at 5 jhm* cent the justifiable expenditure to ac- 
cv>iup;ish it is evidently .S7,52»). At 20 cents per cubic yard this 
would jwy for excavating 37,600 cubic yards of earthwork. This 
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is the equivalent of a cut 20 feet wide at the roadbed, slopes 1.5 
: 1, over 12 feet deep, and 2000 feet long. Assume now that the 
estimate of rail wear is increased to 500 rather than 300 per cent as 
used. This would increase the estimate from 30.61 to 33.49, or an 
increase of 9.4 per cent. Such a change in the estimate is exces- 
sive and yet the effect on the final result is less than 10 per cent. 
If an engineer can rely on his economic calculations to within 10 
per cent, he is immeasurably better off than he would be by a 
reliance on any ''judgment" unsystematically formed. 

180, Compensation for Curvature. Curvature makes a very 
definite increase in train resistance, and such increased resistance 
is readily equated to its equivalent in added grade. Assuming 
that the curve resistance on a 6"* curve is 4 pounds per ton, which 
is the grade resistance on a 0.2 per cent grade, if there should be 
a 0' curve on a 1.0 per cent grade, the resistance on that grade 
would be the same as on a straight track having a 1.2 per ceut 
grade. On this basis, if 1.2 per cent were selected as the ruling 
grade and it became necessary to introduce a 6"^ curve, the grade 
should be reduced on that curve to 1 per cent so that the total 
resistance on that curve shall be no greater than on the tangent. 
This is the fundamental idea of curve compensation. On grades 
which are so low that they will never be ruling grades even 
if the rate of ruling grade is reduced by reconstruction, there 
is no necessity for curve compensation, but the neglect of it on 
ruling grades means that the ruling grade is practically increased 
to the grade which is the equivalent of the combined grade and 
curve resistance, and that if the grade on the straight track is not 
increased to this virtual maximum, the advantacres of a uniform rul- 
ing grade are lost. These advantages will be discussed later 
under ''Grade." 

Rate of cfUfipetisation. This means such a reduction in the 
grade that the saving in grade resistance equals the curve resistance. 
But curve resistance varies somewhat as the velocity, the condition of 
the rails, and even the type of the wheel base. For simplicity of 
calculation the curve resistance is usually assumed to vary as the 
degree of curvature. While. this is nearly true for low degrees of 
curvature, it becomes grossly inaccurate for excessively sharp 
curvature, on which the resistance is fortunately much less than its 
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proportionate amcpnt. ThiB is probably due to the fact that a 
lai^ part of the resistaiioe from enrvatare is dne to canseB which 
are independent of the d^ree of curve. The resistance will 
amount to about 2 pounds pw ton degree of cunre (equivalent to 
a 0.1 per cent grade) when the vdocitj is very low— las when starting 
a train. It is less for Isst trains tiiao for slow trains, but consider- 
ing that it is the slow and heavy firei^t trains which must be 
chiefly considered, the laiger values for compensation which are 
needed for the slower velocities must be used. Compensation 
results in a loss of elevation for a given horizontal distance and 
when money has been spent in ^^development'' in order to reduce 
the grade to some desired limit, any useless compensation is a 
waste and should be avoided. If a curve occurs on a grade im- 
mediately below a stopping place for all trains (or at least all trains 
which are so heavy that they will be affected by the ruling grade), 
tbe compensation may be reduced or omitted alt(^ther on the 
ground that the curve resistance would simply use up the energy 
which might otherwise be used up by brakes in stopping the train. 
If that heavy grade should continue on above that stopping place, 
then the compensation should be made even greater than the aver- 
acre to allow for the increased resistance while starting. Since 
tho curve resistance merely adds to the virtual grade, and the ob- 
ject of co!nj)ensation is to prevent such additions from increasing 
the rulint:^ prade, there is no object in using compensation on a 
tirade, which is already so low that the added resistance will not make 
it virtually equal to the- ruling grade. An exception to this lies in 
the danger that it may somo time prove desirable to make such 
changes of alignment that the ruling grade is very materially cut 
down, and it might hap[)en that neglect to compensate would add 
that much to the revised ruling grade. The above discussion may 
therefore be reduced to the following rules: — 

(1) On the upper side of a stopping place for all heavy 
trains compensate 0.10 per cent j)er degree of curve. 

(2) On the lower side of such a stopping place do not com- 
pensate at all — but this rule should be applied cautiously. 

(3) Ordinarily compensate about 0.05 per cent per degree of 
curve. 

(4) Reduce this rate to 0.04 per cent and possibly to 0.03 
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per cent if it is found that the higher rate of compensation causes 
such a loss of height that the grade on the tangent must be increased. 

(5) Reduce the rate somewhat for curvature above 10\ 

(0) Curves which are so much less than the ruling grade 
that they will always be minor g»*ades need not be compensated. 

181, Limitations of Curvature. Surveys for railroads are 
frequently made under instructions that curves (and also grades) 
shall not exceed some chosen limitations. What should be the 
limitation, if any, of the degree of curvature? Probably no 
definite answer is correct unless it be said that there should be 
no limitation. It has been shown that all ordinary degrees of 
curvature even up to 20^ will still permit the use of heavy engines, 
and there are numerous instances where a heavy railroad traffic 
has been hauled for many years around excessively sharp curves 
without any serious difficulty — as, for instance, the traffic on the 
Baltimore & Ohio R. R. at Harper's Ferry which for many 
years w^as hauled around a 1\V 10' curve (radius 300 feet). This 
curve has recently been changed. Of course the young engi- 
neer should not conclude from this that curvature is of no con- 
sequence, and that he may recklessly put in as much and as sharp 
curvature as might seem at first the easiest plan to adopt. The 
preceding discussion shows that there is a definite money value in 
reducing every possible degree of central angle and also that the 
radius of curvature should be made as large as possible without a 
serious sacrifice of other interests or extravagant expenditure. It 
generally happens, when running a road through a mountainous 
country, and when a high summit must be crossed, that the grades 
can only be reduced by the adoption of very sharp curvature or by 
a large expenditure in construction. Since the expenditure is usually 
limited by financial considerations the error of adopting a high 
rulintj frrade is usually made and the dejxree of curvature is limited 
to a low figure which is ridiculously out of proportion with the 
general condition of the road. 

Sometimes the limited money at the disposal of the company 
is wasted on a route which gives easy curves when the money could 
have been spent advantageously in other ways. But the more com- 
mon error is the needless increase in the ruling i^rade. Many rail- 
roads have been laid out under the instructions that the maximum 
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grade roajfK»be 60 feel per mile mod the nuudmiim onrre 6°. Theee 
limits have been need aepiHitely or in ocmibinatioii, with the resalt 
that idien a 8^ enne ooenrfed on m 60-foot grade, the yirtoal 
grade waa thereby inereaoed (oa a 0.05 per oeat bads) to nearly 
76 feel per mile. While a grade of 60 feet per mite mi^t be a 
▼ery pioper ruling grade imder ceriafai ooliditioQS, it mi^t readily 
happM that the option of using a 10^ or even 20^ curve wonld per- 
mit adopting a line with a ruling grade so mneh leas than 60 feet 
that the advantagee of the rednetion of grade wonld far outweigh 
the oomparativriyinsignifieant disadvantages of the sharp cnrvatare. 
Therefore, as ageneral answer it may be said that liie limits, if any, 
should oonfum to the general dMuranrter of the eonntry, and that 
when it appears posaiUe to obtain a great advantage, such as the 
rednetion of the ruling grade, by an inerease in the degree of curva- 
ture and even in the degrees of central angle, such inoreaae should 
be made unless it may be definitely computed that the disadvan- 
tages of the increased curvature vrould outvreigh the advantages of 
the reduced grade. 

ORAD& 

ISL Uslinctieii betweeii' Miner mmd RffUnig Grades. This 
ilistinotion must be very clearly anderstood before their operating 
disailN'jintHiyes may be computed. The previous discussion has 
shown that the cost of running a train one mile is approximately a 
tvnstant quantity, no matter whether the train is long or short, 
heavy or li^ht. The receipts for transporting so many tons of 
frtMijht is a definite quantity and is unaffected whether it is trans- 
jH^rtiHl in one train load or two. If it is possible by a reduction in 
grade to haul in a single train load as much freight as would re- 
quin* two train loads by the old plan^ then, since the receipts are 
ot>nstant and the cost of the two light trains will be nearly double 
that of the one hciWA* train, it is evident that the low-grade plan 
will Ik* very profitable and the other plan corresDondingly costly 
and fiiianciallv ruinous. 

Althougli it is not often pmcticable to douole the weight of 
the tniiii In^hiud a freight engine, a very material increase in the 
train Kvad can generally be made by such reduction of the ruling 
grade as is practicable, and such increase in train load frequently 
makes all the difference between large dividends and an actual 
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deficit. The ruling grade definitely limits the load that can be 
hauled by an engine with a given weight on the drivers and its 
financial eflEect is very great. On the other hand, a minor grade 
does not limit the number of cars and its effect on operating ex- 
penses is confined chiefly to an increase in the consumption of fuel 
and other locomotive supplies. While this increase in expense has 
an importance which is worth cotupiiting, it is insignificant com- 
pared with the cost of running additional trains to handle a given 
traffic. 

The real cost of minor grades is also less than it might other- 
wise be considered owing to the fact that each rise has its cor- 
responding fall. Even though several high summits may be 
crossed, the difference of elevation of the termini (say 200 or even 
500 feet) is insignificant from the standpoint of grade when the 
distance is perhaps as many miles. And even in the extreme case 
when the grade is all in one direction, the additional energy re- 
quired to climb the grades is partly returned in the assistance the 
grade gives to trains on the return trio and the consequent saving 
in motive power. 

183. Laws of Accelerated Motion. Application to move^ 
ment of trains. When a train starts from rest and acquired its 
normal velocity (say 30 miles per hour) the engine must develop 
not only the power required for all the ordinary tangent and per- 
haps curve and grade resistances, but also the '' kinetic energy " 
corresponding to the velocity which has been acquired. This kinetic 
energy is not wasted; all of it is transformed back into work of 
some kind. The work may be consumed and wasted in the brakes, 
but it may also be spent (and is so spent) in overcoming resistances 
whenever the velocity of the train is reduced. The amount of th's 
kinetic energy is a definite mathematical quantity. The laws of 
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Mechanics tell us that this energy equals W ,^- , in which W = 

the weight of the train, v -= its velocity in feet per second and 
g = the acceleration of the force of gravity, which equals 32.1*) 
feet per second in a second. 

A better appreciation of this force may be obtained by con- 
siderinix for a moment that if the train could move aloncr the track 
without any resistance, then, when running at a velocity of v feet 



823 



912 BAILBOAD ENOINEEBINO 

per aeco&d, it possesaeB a ki&etie energy which would raise it to a 

height of h feet« where ^ = o"* If ^^ consider that the engine 

18 famishing exactly the power required to overcome the tractive 
rvsistanoes* then the train would ran until it had climbed a grade 
to a hei^t of h feet, no matter whether it was accomplished in 
100 feet or a mile. By an expansion of the theory it is also shown 
that when the train has dimbed a vertical height of A' feet (less 

than h\ it will have a velocity f ' = |/ 2y (A-A'). 

For example, assume that the velocity of the train is 30 miles 
per hottr« = W feet per second. It then has a kinetic energy 

44* 
which wonld raise it a height in feet = A = .- oTTTt "^ ^^'^ 

feet. If the engine furnished just enough energy to overcome the 
tractive resistances, the kinetic energy would carry the train up a 
grade of 15 feet per mile for a distance of about two miles or up a 
grade of 60 feet per mile for a distance of about a half mile. If 
the train were moving up a grade of 20 feet per mile and had pro- 
ceeded half a mile, it would have climbed ten feet and would still 
have a kinetic ononxy corres[)onding to 20.1 feet, and its velocity 

would then = i^' -= i "ITx^a^.H) X 20.1 = 35.9 feet per 
siivoml. 

If the tniiu weiv a solid luuss the al)ove ligures would l>e libso- 
luiely eorrivt, hut the solutiou is a little complicated by the fact 
that an apprv»ciable jxirt of the weight of the train consists of 
revolving whtvls, to which must bo imparted the kinetic energy 
of rotation in addition to the kinetic energy of translation. The 
ratio of this rotative kinetic energy to that of translation depends 
chietlv on the ratio of the weitjhts of the wheels and of the whole 
car or euixine. Evidently this ratio dej)euds on the detailed design 
of the rolliuiT stock, aud more es{)ecially on whether the cars are 
K)aded or empty. This consideration shows that no one value will 
1h» accurate for all cases, but there will be little error in adopting 
5 per cent as an average value for the increase in the kinetic 
enercry. 

Table XVII, which will l)e found very useful in these com- 
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putations, has therefore been computed on the following basis: 

_^ , . , ,„ V" in ft. per sec. 1.4007 V^ in ni. per h- 
••\elocity head = . X ^.10 = M:^^- — 

= 0.03;U4V- 



adding 5 j)er cent for the rotative kinetic 
energy of the wheels, 



= 0.()()1()7V^ 



0.()3511V^ 



The corrected velocity head therefore 

TABLE XVII. 
Velocity Head (Representing the Kinetic energy) of Trains 

riovfng at Various Velocities. 
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Burl (rf the figures of Table XYII 
weie obtained by interpolation, and, 
therefore, there may be an error of a 
single unit in the hnndredths place in 
some of the figuree, but oonsidering the 
unemrtai&ties in the {nroblmn, the exact 
value to hnndredthe is of no practical 
importance. Exatnjdes of the applica- 
tion of this table will be given later. 

1M» VMnid l¥i«le. The following 
dmnonatratiMis are nmde on the basis 
that tfie Qfdinary tractive resistances 
and also the tractive force of the loco- 
motive are Indqiwdmt of velocity.. 
Aldionf;^ this is not strictly true, it is 
so nearly trae that ddcnlations made 
on this basis are applicable to freight 
train problems in which die velocity is 
nsnaUy low. Trains which must make 
i^t time mnst have a very great excess 
of j)ower so that they may accumulate 
velocity quickly an(f, therefore, the ne- 
cessity for accuracy is not so great. 
Assume that Fig. 158 shows the profile 
of a section of road and that the grade 
of A E is 0.40 per cent, which is 21.12 
feet per mile. Assume also that a 
freight engine which is climbing up the 
grade has been so loaded that when the 
engine is working tmifornily at its nor- 
mal maximum tbe velocity up such a 
grade would be uniformly 20 miles per 
hour. But since the train is moving at 
20 miles per hour it has a kinetic energy 
corresponding to a velocity head of 14.05 
feel; (see Table XVII), At A it en- 
counters a down grade of 0.20 per cent, 
which is 1500 feet long. Although 
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A B has a down grade of only 0.2 per cent, its grade with respect 
to the up grade of A E (0.40 per cent) is 0.00 per cent. Tliere- 
fore B is 9.00 feet below^ B'. Since the work done by the engine 
would have carried the train up to the point B' with a velocity 
of 20 miles per hour, the virtual drop of 9 feet will in- 
crease the velocity head from 14.05 feet to 23.05 feet, which 
corresponds to the velocity of 25.6 miles per hour, and this wmU 
actually be the velocity of the train at the point B. At B the 
grade changes to a 1.0 j)er cent up grade for a distance of 2300 
feet. 

The approach of the grade B C to the grade B ' C is at the rate 
of (1.0-0.4) or 0.6 per cent and therefore the point C will be 
reached in 1500 feet. In the remaining 800 feet the line will 
climb to D, which is 4.8 feet above D'. Although at B the train 
is moving at the rate of 25.6 miles per hour and the engine is w^ork- 
ing at such a rate that it will carry the train up a 0.4 |kt cent grade, 
yet when climbing up a 1.0 |)er cei\t grade it consumes its kinetic 
energy in overcoming the additional grade. When it rt^aches C, 
it has lost the additional kinetic energy which it gained from A to 
B, and as it continues it loses even more. When it reaches I) it 
has lost 4.8 feet more and its velocity head is reduced to (14.05- 
4.8) = 9.25 feet, which corresponds to a velocity of 1().2 miles 
per hour. At D the grade changes to + 0.1 j)er cent. 

Ilere we have tbe rather surprising condition that, although 
the grade is actually rising, it is virtually a down grade under the 
given conditions, for the engine is working harder than is required 
to run up merely a 0.1 })er cent grade and hence will gain in 
velocity. At E, a distance of 1600 feet from D, it reaches what 
would have been a uniform 0.4 per cent grade from A to E and 
the grade contiij^ues at that rate. Although the train has actually 
climbed 1.(5 feet from D to E, it has virtually fallen the 4.8 feet 
between D and D', and the velocity head has increased from its 
value of 9.25 feet at I) to 14.05 feet, and its velocity is again 20 
miles jK^r hour. The up{K»r line represents the '* virtual profile," 
which may always be drawn by measuring off to the proj)er scale 
at every j)oint an ordinate which is the velocity head at that point. 
Since the entrine is workincr uniformlv, the virtual nrotile is in 
this case a straiMit line. 
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Although the vnrintiun of rcaistaDi'e Hnd tractive tiffort wilh 
velocity will have aoiiit» i-ffect on the prvcisiun uf the above lifinres. 
yet it iDiist not be considered tia faneiful and impractical. Llmlcr 
tilt' ^vuD conditioDB it is snhstaiitially what would take place. If 
the grade B D were eoLtiiiued to F, or nutil the actual gi-ade inter- 
wctt-d thp virtual profile, the train would Ivcoiiie stalled, for whuti 
the engino ia loadt>d for an iiidt-liuite haul up a 0.4 per cent gradtt, 
it caimol haul a train indelinitL-Iy up a highL-r grade. Practically 
iho train would stall soiuewhat short of F, since the tractive ruaist- 
itnco iucreasfA as thu velocity drops to utiarly zero. Under su<;b 
conditiuuB, B U ia a "momentum gnjde," which maj/ he higher 
than the ruling grade, and yet it ia practically harmless under 
ihi'se conditions, pi'ividvl that a train is never required to atop on 
lliat grade. A B V. ia technically a '■ sag " in the grade A C and 
would Iw eonaideriHl such even if A B wore an up-grade (although 
lens than the grade A C). Sueh a aag ia nsiially harniless unless 
it \» so dcfp that the train would acquire a daugeronsly high vu- 
locity at tbo Ixittoiii of the sag It- 

In the above numerical caee the velocity is only 25.0 miles pur 
hour, which is not at all dangerous even for freight trains in tbt>so 
daya of air brakes and automatic couplers. But a much deeper 
sag might require the use of brakes, which not only consumes some 
of the energy stored in the train, but also weara out the wheel 
treada and brake shoes. 

Another phase of the question is developed when we consider 
the action of a train stopping on a grade. Assume, as in Fig. 159, 
that a train ia climbing up the grade AB at a uniform velocity 
whose velocity head ia measured by A A' = B B', At B it com- 
mences to slow up for a stop at C. Since it ia atationary at C, the 
velocity bead is zero and the virtual profile A' B' runa from B' to 
C liy a line which may or may not be straight. Aasume that the 
train starts up and the engine exerts such force that at D it has 
regained the velocity it had at A or B. Tlie ordinate DD' must 
equal A A' and the virtual prolile must rnn from C to D'. C D' 
therefore represents the virtual grade up which the train must 
climb. To put it in figures; assume that D = 1,300 feet; the 
required velocity at D is 20 miles per hour, and therefore D D' ^ 
li.Oo; the grade of C D ia 1.0 per cent and therefore D D" = 13 
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feet, and D" D' = 27.05 feet; the virtual grade C D' is therefore 
2.08 per cent instead of the actual 1.0 per cent and these figures 
represent the actual ratio of the drawbar pulls at the engine. 

To be more precise, the virtual grade C D' will not be a uni- 
form grade as shown in the figure but will be a curved line which 
will be steeper at the beginning of the grade on account of the 
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increased resistance to traction when startintr. This is somewhat 
compensated by the fact tliat the tractive force of the engine is 
greater at the very low velocities It requires, however, a little 
margin for safety. 

The fact that the engine can increase its velocity from zero to 
20 miles per hour in that distance and on that grade shows that it 
is capable of doing much more than run its train up the 1.0 per 
cent grade at a speed of 20 miles per hour. In fact, unless the 
power is reduced when the train reaches D, the train will continue 
to gain velocity. If resistance were inde{)endent of velocity, the 
train would continue to gain indefinitely assuming that the grade 
continued uniform. But practically, when the velocity had in- 
creased to a much higher figure, the resistances would increase 
until even the added power could not further increase the velocity. 

From all the above it may be inferred that 

[ft) When the velocity is uniform, the virtual profile is par- 
allel with the actual profile. 

(/y) When the velocity is increasing, the profiles are separa- 
ting; when it is decreasing they are approaching each other. 

((•) When the velocity is zero the profiles coincide. 
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(fl) The virtual grade at any plaw ie a meaaure of tli© work 
required of the (.■'ngiru* IwvoikI that rwjuirwl to overcome nifrbly 
the tractive resistancea. If it is burizoiital it shows that the ea- 
i^ine is doing iKithiiig tK'iBidu ovurconiiiig the tnictivc resistaiK-*^, 
If it is upward and is uniform, aa in Tig. 15S, it shows that it is 
working uuiformly and is storing in the train '■ |)oteDtial " em-rgy 
which may be utilized on the return trip if it is not utilized in 
moving do^ni a soceceding down grade. If it is downward fas from 
B' to C, Fig, 159) it shows that the train is giving np Icinetic 
energy, probably consuming the mo8t of it in brakos. but utilizing 
^nie of it to furnish the tractive power to run from B to (' and 

ro to ovfrcomo the gradu from IJ to C 
165. Use, Value, and Possible Alisuse of Virtual Profiles. 
It has Ijeen pivriously sliown that, aside from si-cnring the mnxi- 
itiiiiii triifli(:. tho most important accompliahnii-ni for the locating 
flDgineer ia to obtsia low mliog gndea. At the aune time the 
cost for gndiof; most be kept u low aa ponible vidumt Mcrifieiiig 
the more important elemeata. The gntde B D in Fig. 168 is ao 
example of die poBsibility of introdociiig a grade whicb ia mncli 
steeper than the roling grade,' provided that it is not so ku^ that 
the kinetic eneigy in the train at the bottom of the grade aluUl not 
be exhaasted before it reaches an easier grade, and alao provided 
that no heavy trains shall ever be compelled to stop on that grade. 
Herein lies the danger and the possible misuse of this method. 

A grade might be laid out substantially as shown in Fig. 158, 
with the intention of running all heavy trains up that grade with- 
out stopping. Later another railroad might require and make a 
grade crossing at or near 0, which would occasionally require that 
trains ahall atop at the crossing, and such loaded trains would be 
nnable to start againat such a grade, especially since the tractive 
resistance to starting is so much greater than the resistance at 
ordinary speeds. The chief value of such a method lies in the fact 
that it enables the engineer to determine the actnal demand on the 
locomotive, as it is affected by the velocity of the train. The 
" niidnlatory " profile shown in Fig. 158 will probably be much 
cheajHir to construct than the uniform grade A E which would 
involve a till at B and a cut at D. The method of a virtual profile 
will show at once whether such a profile at that place will be a 
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IKjrmisaible way of ecoiioiuizing in spite of the fact that it intro- 
duces a 1 per cent grade which is perhaps higlier than the ruling 
grade. Many of the "improvements of old lines" which are de- 
scribed later depend on this process for their solution. 

For example, a grade which may have always l>een harm- 
less and unnoticed suddenly becomes important when it becomes 
desirable or necessary to require all heavy trains to stop at some 
point on it; such a case as is sketched in Fig. 159. The above 
method indicates* how such a problem may be investigated. The 
grade C D' of course becomes the critical grade, but under given 
conditions the virtual profile will show the demand on the locomo- 
tive. Examples of this will be given later. Undulatory grades 
have the advantage of decreasing the cost of construction and of 
being harmless under given conditions, but there are some 
dangers. ODE in Fig. 158 is called a "hump" in the grade. 
In the numerical case given it is only 4.8 feet and would he 
harmless under almost any conditions, but if it were considerably 
more, and if a train when passing ( ■ had a velocity much less than 
20 miles per hour, it might become stalled before reaching the 
summit of the hump. 

Slippery rails or a strong liead wind may so increase the 
resistances against which a train works that if the computed 
margin of velocity head at the top of a hump is made too small it 
may be entirely overcome and the train may be stalled before it is 
safely over the hump. A velocity of 10 miles jK»r hour, which 
corresponds to a velocity head of only 3.51 feet is the least margin 
that should l>e safely allowed. This is also partly due to the fact 
that when the velocity beconies much less than ten miles per hour 
the resistances |)er ton increase, and as the velocity drops very low 
they increase very rapidly and the law on which the above calcula- 
tions are based IxHJomes inoperative. Another danger is that a 
sag may Ix^ so deep that trains will acquire an excessive velocMty 
when pissing through it unless brakes are applied. This of course 
does not mean that the sag must not l>e used. It simj)ly means 
tliat the sag will cause a waste of energy in brakt^s, a waste which 
must afterward be made nj) by increasi^il work from the locomo- 
tive. This is of course one of the cases which reijuires computa- 
tion, by methods which follow, to determine whether or to what 
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extent the sag is justifiable so that the two items of increased first 
cost and increased operating expenses shall be made a minimum. 

For example, a freight train may approach a sag with a veloc- 
ity of 20 miles per hour. Its velocity head is therefore. 14.05 
feet. If the sag at its lowest point Is 40 feet lower than the 
imaginary grade line on which the train could have run without 
changing its velocity (the grade A B' in Fig. 158) then the veloc- 
ity head of the train at the bottom of the sag would be 54.05 feet 
which corresponds to a speed of 39.2 miles per hour. Although 
this is a permissible speed with frei^t trains which are equipped 
with air brakes and automatic couplers, it is approaching the limit, 
and there might be some local conditions which would render even 
this speed through the sag inadvisable. 

186. Problems. 1. If a train is running uniformly along 
a level grade at a speed of 85 miles per hour and reaches a 1.2 per 
cent up grade, how fsLV up the grade could it run before its speed 
is reduced to 10 miles per hour? 

Velocity head for 35 miles per hour = 43.01 feet 
Velocity head for 10 miles per hour = 3.51 feet 

Permissible increase in elevation = 39.50 feet 
Distance from bottom of grade = 39.50 -^ .012 = 3,292 feet. 

2. At what speed may a train approach a sag 28 feet below 
the normal grade line so that its maximum speed at the bottom of 
the sag shall not exceed 36 miles per hour? 

At 36 miles per honr the velocity head = 45.51 feet 
Subtracting the depth of the sag = 28.00 feet 

The permissible velocity is that due to 17.51 feet and = 

22.3 m. per h. 

MINOR GRADES. 

187. Basis of Cost. As in the method of computing the 
additional cost of curvature, we compute the rate of grade which 
will double the tractive resistance, and then compute the effect of 
this on all the items of the cost of a train mile. While the resist- 
a!ice to grade is a perfectly precise mathematical quantity, ordinary 
tractive resistance on a level track depends on the velocity, the 
number and character of the cars, the physical condition of their 
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wheel treads, and the condition of the rails, as well as many other 
minor causes. But as an average figure we may say that for ordi- 
nary train velocities the train resistance may be considered as 10 
pounds per ton. But this is the grade resistance on a 0.5 per cent 
grade, or a grade of 20.4 feet per mile. On this basis the total 
resistance on a 0.5 per cent grade will be just double the resistance 
on a level. We may compute as before the effect on operating 
expenses of doubling the work done. by the locomotive. But this 
added cost will be the cost of lifting the train 20.4 feet in one 
mile. If we divide the extra cost of a mile of 0.5 ])er cent grade 
by 2r).4 we will have the added cost of one f (tot of elevation. Then, 
since it is assumed that the grade has no limiting effect on trains, 
the cost of one foot of difference of elevation will be independent 
of the rate of grade, except as noted later. 

188. Classification of Minor Grades. Even the minor 
grades have varying effects on the o{)eration of trains which are 
sharply defined and which have varying effects on the operating 
exj)enses. Under the conditions named in the problem in ^l'S4, 
Fig. 158, the variations in grade are harmless since it is assumed 
that they do not cause any variation in the drawbar pull. But 
it will frequently happen that a hump or sag that will be harmless 
for a light fast passenger train will have a very serious effect on a 
heavy freight train which always runs at slow speed and which 
therefore never has an oj)portunity to accumulate any great excess 
of kinetic energy which may assist it over a hump of any magnitude. 
We will therefore consider as Class A all fluctuations of grade 
which are so slight that they have no effect on the running of 
trains except a slight variation of the velocity. One of the practi- 
cal limitations of Class A is the maximum depth of a sag rather 
than the actual grade. If the depth of the sag is so great that even 
with a slow approach to it, the velocity at the bottom will bo too 
great for safety, and steam must be shut off and brakes must be 
applied, then the sag cannot belong to C'lass A. 

Class B is an intermediate class in which the loss due to crrade 
is not so severe. A down grade of 0.5 per cent will keep a train 
running indefinitely without steam power. If steam is used on 
such a grade the speed would increase until it would become ex- 
cessive if the grade were long Therefore in running down such 
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a grade, steam would generally Ix^ shut off. One disadvantage of 
this lies in the fact that some fuel will be consumed even then, 
and it is more economical to have the locomotive workinir uni- 
formly, provideil its work may be stored upas kinetic energy which 
can be utilize<l in climbing the succeeding up grade. Such a grade 
also means that the tractive effort when returning up that grade 
will be at least twice the required pull on a level. The loss in this 
case is not so serious; there is no actual wast« of energy in brakes, 
and the loss consists chiefly in an inability to utilize the power of 
the locomotive to the l)e8t advantage. 

Class C includes grades which are so steep or so long that 
brakes must be applied in descending. This also means that the 
jK)wer riM]uired for ascending will be excessive. In this case there 
is not only a waste of energy which has been developed by the 
locomotive, but there is also the added exjxnse of wear of brake 
shoes and of wheel tires (due to the action of the brakes), and even 
so!ne extra wear and tear on the rolling stock due to the extra 
stresses, and also the extra wear of rails. 

The o!ily possible practical application of the following com- 
putations lies in the comparison of two pro|)OStKi routes between 
]K>inls at a giviitcr or less distance apart. The simplest case is that 
of a iiRTc liiimj) or sag in comparison with a uniform grade he- 
twct'n []w given j)oints. If tliedistance between the points is very 
trrcat so that the character of tlie alitrninent of tlie two routes is 
very ditlVreiit, althouirji any ditfereiices in distanct^s or curvature 
sliould in any case l)e coni])Ute(l separately, it -may be ditficult to 
])r()perly classify the elFect of the differences of grade of the two 
lines. Tlie following cases will only consider the siinj)le cases of 
sags and humps. In each case there is involved an up grade and 
a down grade (virtually if not actually ) and we must compute the 
eifect of both on the ])assagt» of any one train and then this is 
innlti])lie<l by two to compute the effect for each daily round trip 
of a train. 

189. Effect on Operating Expenses of a. Hump or a Sag^. 
As before, such a very large proportion of the items of the cost of 
a train mile are unaffected that the simplest plan will l>e to throw 
out first the unaifected items. Of the items of maintenance of 
way items 4 to 10 can Ix* at once thrown out. 
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Item 1 : A very large proportion of the sub-items are evi- 
dently unatfeeted; the wear of ties and rails is somewhat aflfected 
when the grade is excessive, but even this is somewhat compensated 
by the improved drainage of the track. Therefore, no allowance 
is made for Class B and only 5 j)er cent is allowed for Class C. 

Ttein 2 : Kail wear on grades is noticeably greater than on a 
level. This is partly due to the use of sand, but is also due to some 
other cause which is not very clear, since the rails on the down 
grade of a double- track road are found to l>e badly worn. The 
skidding of wheels, if such were permitted, would account for it, 
but this is usually carefully guarded against. But since it is an 
undoubted fact allowance must be made for it. An allowance of 
5 j)er cent is made for Class B and 10 {)er cent for (Uass C. 

Item 3 : Considering the compensation of better drainage on 
a track having a slight grade, no increase in the cost of tie renewals 
is made for Class B and only 5 per cent is allowed for Class C. 

Mtruite)Uftice of cqalpmcnt. AH items are at once cut out 
except those of actual repairs to rolling stock. Even here a very 
large proportion of the sub- items should evidently be cut out. The 
increase will be chiefly on account of an increase in wheel and 
brake-shoe wear, with a possible addition for drawbar gear, and 
also some addition for locomotive repairs due to additional work 
on the grades. A very large proportion of even these sub-items is 
due to the effects of stopping and starting, curvature, straight level 
pulling, etc., and, therefore, it is not surprising that Wellington, 
after an exhaustive investigation, cut down these items to 1 j)er 
cent for Class B and 4 per cent for Class C. 

Cowlnctuiij trnnHportathni. All items except the various 
locomotive supplies are immediately cut out. It was shown in 
^174 that about 55 j)er cent of the fuel consumption was due to 
straight hauling on a tangent. But since the grade here considered 
is assumed to be that which will exactlv double the resistance on a 
straight level tangent, we will add 55 per cent for the grade. But 
we must here compute the cost of both the rise and the fall. In 
Class B, although the steam is shut off, heat is wasted by mere 
radiation, whieh has been shown to 1h^ responsible for about 5 per 
cent of the total consumption; for Class C we must allow 5 jK^r 
cent extra for the extra energy sj)ent in applying brakes; this makes 
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tJO percent for Olass B and »t5 [ler arnl for Class C. Tlierii is tml 
Ihtle tfiTor ill »s«uiinn{T ihnt iu-me 23, 24 »iid 25 will be affrettd 
einiilu-Iv- trrnmil ,.rjn-it»rji Will Ih> Unaffected. 

I^lik' XVI n in whk-b Uieae Ut-itis iire collected shows llmt 
tho p«ntwnlagf of iurR«»(< for (>[MTiili iig 2(1.4 fwt of rise and fail 
will be tt.09 and t<.~l for riaswa B and C respectively. As Iwforw 
viTtf ittav edl Uii«e emfi and Uicn say that th« eoet per foot will l>e 
0.2(12 v«ti(s and 0.830 wots. Ffir eouh diiily train cHch way the 
nKt ppr ijiiar will Iw 

Kor Class B: 2 X aOo >, SU.0ll2ll3 = Sl.StJ 
For Class C: 2 x *15 x SO.dOySO = 82.41 



TABLi; XVIII. 
Eflcct on Operating Expenses of 36.4 
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• For full llll^ of Hem «■« TaWe Xiv. 

190. Numerical Example. Assuinu the dnta as sketched in 
Fig. IfiO. If a freight train moving to the right i>u8seB the point 
B at a velocity of 15 miles per Lour, it will have a vehwity head 
of 7.90 feet. Even if the engine were only doing sufficient work 
to keep it moving on a level track, it will have gained in velocity 
head the full amount of the vertical drop from B to C by the time 
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it reaches C Its velocity bead will 
then be 84.7 feet which corresponds 
to a velocity of over 49 miles per 
hour which is plainly inadmissible. 
Assume that steam is shut off at I>. 
Then, on the basis that tractive force 
requires a grade of 0.5 per cent, we 
may consider that the 1.2 per cent 
grade is a 0.7 per cent down grade 
whicli the train passes without any 
tractive resistance. On this basis the 
virtual fall from B to C is 32.0 feet, 
and the velocity head at the point C 
would be 39.90, which corresponds 
to a velocity of 33.7 miles per hour. 
This may or may not be a permissible 
velocity, but considering that even 
this grade is followed by a 0.7 per 
cent grade on which the velocity 
would increase still further, it is 
evident that brakes would be neces- 
sary on some trains if not on all. 

The possible limiting effect on the 
length of trains moving to the left 
of the grade C 13 is a distinct mat- 
ter and must be here ignored. But 
it is evident that unless a train is 
moving at a speed of over 30 miles 
per hour or else is working much 
harder than is required for a 0.7 per 
cent grade, it would not have suffi- 
cient velocity head to carry it over 
the summit at B. On the above 
basis per foot the cost per daily train 
each way per year will be 

32.0 X $1.1)1 = $01.12 
for all trains of Class B, and 
32.0 X $2.41 -- $77.12 
for all trains of Class C. 



*^l 



Fig. KM). 



33T 



Classifying all tiw tmiaa oa tbo rusd, we may sny t)mt tbere 
are aome light ^tasseuger trains which may he permitted to nio at 
such Bp(n^ that this grade may ho considered liunriless Hiid there- 
fare for them it may he considcivd as belonging to C\a&s A. As- 
sume that there are four oilier traius for which it must Iw coa- 
sidfrfd as belonging to Class B and eix others for whii-h we must 
fonsider it aa Class (', Then wo have 

$(;1.12 X i= §241.48 
I 77.12 X - 4fi2.72 

I Total annual value = $707.30 

I This repreeciiis a capitalized value, ul 5 per oent. of §14.144. 
T^oneidering for the pake of an approximate value tliat the swrtione 
were level and that a cut was to be made 20 feet wide at the base 
and with alopea of 1,6 : 1, the cutting nw:eBaary to reduce the grade 
to the line A B' C would b« about 290,000 cubiu yards. Unques- 
tionably §14.000 will not pay for this excavation, but when it is 
considered that the quantily of earthwork required for any depth 
of cutting increases almost as the square of the depth and that a 
cut of half Iho dppth may lie iiukdu by the excavation of |)Cr)iaps 
only one-third of the earthwork, it is possible that enough could 
be cnt from the summit B to change the clMsifioation of the grades, 
that the hump could be made so slight that it wonld not be worse 
than Class B for any train and would be Class A (or harmless) for 
nearly all the trains. An advantage of this method of work lies in 
the facility for selecting various plans and compntiog the effect of 
each on the operation of trains. 

The chief difficulty with the above method of compatation 
lies in the classification of the grades, or Id the assumption of the 
extent of (be improvement accomplished by the change. It is con- 
ceivable that a hump or sag might be removed and yet the grade 
as left would have all th» characteristics of Class C But even in 
such a case, an improvement has certainly been made; a very bad 
condition has been improved even though it is still serious. It is 
therefore justifiable to consider that the value of the improveinent 
may be measured as above even if the basis is somewhat changed. 
As before, it is not a question of close accuracy, but of developing 
a basis of coinputatious which approaches the truth and which may 
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be made still more accurate hy a closer study of the conditions. 

RULING GRADES. 

191. Definition. Ruling grades are those which limit the 
length or weight of trains which may be hauled by a single engine. 
They are not necessarily the steepest nominal grades on the road, 
for we have already seen that a momentum grade may be much 
steeper and yet not affect the admissible weight of a train. Another 
excerption is a "pusher grade," on which it is designed that all heavy 
trains shall be assisted by extra engines. This condition recjuires 
separate calculation which will be given later; it involves extra ex- 
pense, but has no greater effect on limiting trains than the cor- 
responding grade for one engine, and of course all pusher grades 
are so designed that the corresponding grade for a single engine 
shall not exceed the ruling grade. In general, an engineer knows 
that the ruling grade must be made as low as the general financial 
character of the enterprise and the general character of the country 
will permit. 

By their very nature, the following calculations are only 
applicable to the improvement of lines already built or to the 
change of plans which have already been made and thoroughly 
developed. In either case, the best and cheapest line for a given 
ruling grade having been determined, additional surveys will 
develop the fact that an additional expenditure of so much will 
permit a certain reduction in the ruling grade. To put it in 
figures, the ruling grade of the existing road or of the proposed 
route is 1.4 per cent ; the existing traffic is 10 trains per day each 
way which wMll be affected by the rate of the ruling grade; it is 
found possible by an expenditure of $50,000 to reduce the rate of 
the ruling grade to 1.2 j)er cent. AVill it pay^ The method of 
answering this question will be developed in the following sections. 

192. Determination of the Rate of the Ruling^ Grade. Many 
railroads have been constructed without any preliminary considera- 
tions of limiting grade. The road was laid out w^here convenient, 
the cuts and fills limited by some vague ideas as to the maximum 
which is thought desirable, but without apparent regard for the 
resulting grade. The logical result would Ix^ some one maximum 
grade at one place and a gradually increasing number of lesser 
grades. Since in such a case, all one-engine train loads arc 
limited by the one maximum grade, there is usually an un- 



339 



Mi "^'-^ • 



RAILROAD ENGINEERINO 



qoestioiiable policy in cutting down this one grade to tibe limit of 
Uie next lower grade. If there are aeveral cases of the next lower 
grade, all mnst be lowered if at alL Each saeoesaive lowering 
involvea a larger number, and nsaaUy a limit to practicable redac- 
tion of grade is soon reached unless a very radical change in the 
whnie route is considered* The determination of the proper rate 
for the ruling grade requires the beet judgment of an experienced 
enpneer. A general outline of the method is as follows: 

The df^ermining points of the route are first selected and 
their relative elevation and their distance apart is obtained. Hie 
ratio of these figures for any stretch gives a first approximation of 
the throu|^ grade. The most unfavorable stretch is then studied 
to see whether the grade may be reduced there by development 
When some one place is very much worse than any other place, 
the best solution may be at once obtained by operating this one 
grade as a pusher grade and then reducing all other grades to the 
corresponding throuf^ grade. It may thus be seen that there are 
infinite poraibilites in the selection of a ruling grade, in the 
routes which must be followed in order to obtain such grades, and 
in the amount of money which may profitably be spent. When 
the choice has narrowed down to two routes with two limits of 
ijrade, the l)etter of which will cost a definite sum more than the 
other, then the advisability of sj)ending the extra sum may be 
invest i OH tinl as will l>e developed. 

193. Maximum Train Load on any Qrade. The load which 
any liK*omotive may haul up a grade is absolutely limited by the 
weight on the drivers. The adhesion of the drivers to the rails 
de|HMids somewhat on the condition of the rails, whether w^et or 
dry, and is also moilitieil by the use of sand. One-third is about 
the maximum adhesion obtainable and even this can hardly be 
depended on. Under very unfavorable conditions the adhesion 
will drop to oue-fifth and even less, but by the use of sand an 
adhesion of one -fourth can alwavs be obtained and this can 
generally be relieil on as the a<lliesion unaided by sand. There- 
fore this value will be used. The /trt load behind an engine is 
the difference between the yross load which can be hauled by a 
given weight on the drivers and the weight of the engine itself. 
The almost infinite variety of weights and proportions of locomo 
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tives makes it impracticable to tahulate ^he hauling capacity of 
every variety of locomotive, but in Table XIX are given the 
figures for several locomotives which may be considered as typical 
of American practice for both narrow and standard gauge. 

For example, the " consolidation " engine given in the last 
line of the table has a weight on the drivers of 181,200 pounds. 
At one-fourth adhesion the tractive force is 45,300. If we 
assume 6 pounds per ton as the tractive resistance on a level, the 
total resistance on a 1.0 per cent grade will be + 20 pounds or 
2() pounds. Dividing 45,300 by 20 we have 1,742, the total j)os- 
sible weight of the train in tons. This is the gross load. The net 

TABLE XIX. 
Tractive Pov^er of Various Types of Locomotives at Various 

Rates of Adhesion. 



Kind. 



fiauge. 



eujrino 
lender. 



lb. 



American... . 
Mogul 


Nar. 

ft » 


49.()0<) 
HD.OIK) 
Hl.lKX) 

H7.000 

62.0(X) 

lU.UUU 

1()1.()(X) 

:ni.60o 

•JOO.OUO 
27fi,000 

e 14.000 
:«i,Hoo 


10- wheel 

Consolidation 

American ... 
"Chautauqua " 
Mogul 


• • 
ft ft 
ft ft 

Stand. 

• ft 

• • 

ft • 
ft ft 


lO-whe»l 

Consolidation 

• • 



i?ht of 












liud 






Tractl 


Ive power 


when 


r. 


Weight 


Weight 


rate of adhesion Is 




of engine 
only 


on 
drivers. 


-- 


._ — 


-- • 


tons. 






1 


9 


1 








4 


^0 


fi 


21.5 


32.000 


22.(K)0 


1 5.500 


4,il50 


4.400 


40 


4i»,000 


32.000 


8.000 


7,300 


6.400 


40.5 


51.000 
55.000 


42.000 
42,000 


1 10.500 


9,450 


8,400 


43.5 


! 10.500 


9.450 


8,400 


31 


:w.ooo 


:«.ooo 


8.500 


7.&50 


6.800 


72 


91,000 


Hl.OOO 
40.000 


21.000 


18,900 
9.000 


16.800 


53 


«2.000 


10.000 


8.000 


157.3 


100.600 


W,400 


2I.KS0 


22.36."> 


19.8H) 


103 


126,000 


106,400 


26.600 


23.940 


21.280 


138 


176.510 


127.010 


31.752 


28,.577 


2.5.102 


107 


120.000 


106.000 


26.500 


2:1.850 j 


21.300 


182.4 


204.800 


1K1.200 


, 15.300 


40.770 


33.210 



load is 1,7-42 — 1()2.J: = 1,570.0 tons. If this train was made up 
entirely of 100,000-pound capacity cars, weighing when loaded 
134,000 pounds or 67 tons, the train could consist of 23 cars and 
have 38 tons left over for the caboose and for margin. By a very 
simple application of the above figures, the great advantage of a 
reduction of grade is readily seen. If the grade were cut down to 
0.85 per cent, a reduction of less than 8 feet in a mile, the total 
tractive resistance would be reduced to 23 pounds j>er ton. This 
would increase the net tonnage by 228 tons, which is more than 
the weight of three of the 50-t6n cars, or an increase of over 14 
per cent. 
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timt tlie jirade lesiaUiiw [ifr luii of 2(X)0 jKiitndH oii any ^nide 
eqimls 20 tiitu-s tlie rate of grade in ]n?r cent, the total resistance 
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in ])Oun<ls ])er ton is fouiul by adding to tho grade resistance 
0, 7, 8, 9 or 10 pounds per ton according to tlie basis used. By 
dividing the total train resistance in pounds per ton into the total 
adhesive force of the drivers we have the gross weight of the 
train. 

Examples. 1. What will be the total tractive resistance on 
a 1.35 per cent grade, that on a level being 8 pounds per ton ? 
Ans. 85 pounds. 

. 2. How much of a load can a standard -gauge mogul engine 
(as given in Table XIX) draw up a 0.95 per cent grade, assuming 
a rate of adhesion of -^^ and a tractive resistance on a level of 8 
pounds per ton? Ans. Tractive power, 23,940; tractive resist- 
ance per ton, 27 pounds; gross load = 23,940 -r- 27 = 887 tons; 
net load = 887-103 = 784 tons. 

To solve problems for engines not given in Table XIX, use 
the general rule: The maximum load behind an engine on any 
grade may be found by multiplying the weight on the drivers by 
the ratio of adhesion and dividing this by the sum of the grade and 
tractive resistances per ton; this gives the gross load, from which 
the weight of the engine and the tender must be subtracted to find 
the net load. 

194. Proportion of Traffic Affected by the Ruling: Grade. 
The ruling grade is that which limits the length of trains. There 
are many roads which do not have a traffic so large that any of their 
trains are absolutely limited by their weight. This is especially 
true of {)assenger trains, since, as before stated, it is wise to increase 
the number of trains on light traffic roads as soon as the traffic will 
jHM'mit, and before the trains get crowded, so as to encourage traffic 
by the increase in facilities. It is perhaps true that on most roads 
the passenger trains are altogether unaffected by the rate of the 
ruling grade; /. v,^ it would be possible, so far as the engine is 
concerned, to add one more passenger car to the train without stall- 
ing the train on any grade. The same statement is generally true 
with respect to the local freight trains, especially when the traffic 
is so small that mixed trains are run. 

In computing the saving by reducing the ruling grade, it must 
also be considered that even though there are some passenger trains 
which run as many cars as one engine may haul, a reduction in 
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. grade would not l>e utilized by reducing; the iiumlwr of fiasseugi 
tntitiB to handle n ^ivun nuin1>t-r of outs. TIiv riHliiution iu thtf 
traSic fa;.-ilili«a would renct too seriously on tht> jme^ieit^^r traffic.4 
Therefore the only advuutafje wliicli could he clainiwi for the p&B^I 
itnger traffic from k rediii-tion of the rate of thu rnliufj grade would , 
he JuBt those adviiritaffiis which ivsult from the reduction of any 
gnule, the rednctitiii in fuel cxtiiaunicsi, or the jiossiblo increase in 
BjKX'd, etc., advuntJifjes which are apnrt from the luiiilinff cflect of 
the gmdes. The limiting olTect also applies only to traitic iii'J 
one direction, or at least the grades and traffic in the other dir«e-4 
tion are whollj sepanto matten. 

Ab diBcusBed later, the rnliog grades hi the two directicmB may 
or maj not be equal. The' onljr ^rorable affect ^t die redaotion 
of any mltng grade can hare on traffic moriag in the opposite direc< 
tiou ia a alight aaring in the nse of brakes, the atnotmt of which 
IB SO insignificant that it may be ignored, especially as it has abeo. 
lately no relation to the matter of limiting the train length, miere- 
fore it is generally tme that except on heavy traffic rrada the only 
trains to be affected by the mte of the ruling grade are those whidi 
handle frei^t in car-load lots. This applies to all trains which 
are apecial in character snob aa coal trains, ore trains, and all those 
who liandle such a bulk of any one product that the cars are loaded 
to their full capacity and the ears are grouped into trains according 
to the engine capacity. Such conditions are the most favorable 
for economic operation as it insnres tlie niinimnm of coat for the 
handling of a given volnnie of trafhc. 

In the following calculations on the saving by reducing the 
ruling grade the character of the traffic must Iw closely studied, 
and although short light passenger trains should not be inclnded, 
care should be taken that a fair estimate should be made regarding 
the inedimn weight trains. 

195. Cost of an Additional Train. The grosB receipts for 
handling a given volume of traffic is a definite gross amount whether 
it re(juires one train or two, four trains or five. Thecost of running 
a train one mile is approximately a constant quantity whether the 
traiii is heavy or light. If the cost were exactly constant, the saving 
in o|)erating exp^-nses would be strictly in proportion to the num- 
ber of trains savi.'il. Assuming a given amount of freight to be 
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handled, or rathtsr that a given iiinnber of cars are to lie handled, 
how iimch will be saved by handling them in nine trains rather 
than ten, or four rather than five, or sixteen ratlier than twenty? 
To put it the other way, what will be the extra cost of one additional 
train ''. Note that the total niiinher of cars to \te handled is the 
same. The additional cost ia that of rnnning an extra engine 
under the given circumstances. 

Mdintiniance of vnnj. Since the numlwr of cars using the 
tracks is the same, any additional wear and tear on the track is 
that due to the'extra engine. It is estimated that abont 35 [)er 
cent of the expenses of repairs of roadway (item 1) vary with the 
tonnage. It is also estimated that a locomotive, on account of the 
greater concentrated weight on its drivers, is responsible for 50 
j>ereent of tra(;k repairs, in spite of the much greater gross tonnage 
of ihe cars. On this liasis, 50 per cent of 25 per cent, or 12.5 per 
cent, is allowed for item 1, and 50 per cent for all other items ex- 
cept 5 and 7, which may l>e considered as unaffected. 

Mn'inteuanve nf fquqniu'iit. Whether the higher or lower 
ruling grade be chosen, the trains are supposed to he loaded to the 
niavinnini capacity of the engine on the ruling grades, liut when 
the heavier ruling grade is chosen, the trains are correspondingly 
lighter and therefore the stress on the engine on all lighter grades. 
whieh may constitute 00 per cent of the whole, will be much less. 
Although the engine repairs on the extra engine used wotild be as 
much as any of the others, the saving on all by the reduction of 
their work on the easier grades would accumulate to quite a figure. 
Tile saving on eucii engine would evidently be greatt^r when four 
is increased to five than when nineteen is increased to twenty. But 
the accumulated saving for one engine would be approximately a 
constant, which has been estimated as 20 [)er cent, or the net 
addition to the cost of engine repairs for the additional engine 
would Iw only 80 per cent of the average charge. 

On a similar basis there i<j a saving in car repairs, but since 
the numl>er of cars used is constant, it produces an actual saving 
which must be tabulated negatloehj. The average drawbar pull 
will be less, and this form of repairs will evidently be lesB, and the 
stresses due to stopping and starting will lie 
ing reduction in such re|)itirs. This has bueu c 
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to -.") jK»r otMit for j)as3enger cars (item 13) and -10 per cent for 
freight cars ^^item 14). Items 15 and 19 will evidently be but 
little atfec»tiHl if at all, and therefore no allowance will be made for 
them. 

('nmhivting Tmnsptniatlon, Items 20, 21, 26 to 32,35 to 
37, 45 and M\ are to l>e considered as varying directly as the mile- 
aiji» and 1(H) |H»r cent is allowed on all those items. While there 
is some n*ason for considering^ that some portion of some of the 

TABLE XXI. 
Cost of an Additional Train to Handle a Given Traffic. 



No. 



2 I 



y^io 



It 
I-.' 
\\\ 
II 



:t> It 
I.. »i- 



\: .v. 



Hem (abbreviated) 



K*>:ul\vay 



Hulls. TK's, nriiljres. oto. 

Keiuvs, oto , 

HulKUii^s. eto. 

1 KK'ks ami wharves 

MisivUaiitH>us 



Maintenance of wav 



SuiH'rintendeniv 

Krpalrs liH'i»im»!lves 



- - iKiNSi'njjer ears, 
fn'l 



*ig;hi oars 

MisoollaniHMis 



M.iintr'.i.iiu r nf «HniiiMn»'nt 



*^;il>t'ririt«'ii<!«'in-»' 

r.iiu'iu<'iiii-ii 

I'-.n-;, «'tr 

I'ra'.n .ni.i station vi-rvu'*'. t-ii- 
i.ir mi!- .mt>. Hin-oi ttjuijuiu'iit 

Painam'N. «>t.- 

Mi«..ollaii»*ouN 

*^ian»'ii« ry. aiul oth»M' rxprnsf's 



I't'ii.lMil iiii: ir:uiNiw.riaiii>ii 
(itMiiM" \\ K\i>«Mi^r>; 



Normal 
average. 



10.779 

6.993 
.667 

2.a»e 

.S30 

.525 



21.205 

.(81 
A. 258 
2.218 
7.048 
1.4K8 



Per cent. 


Cost In 


affected. 


per cent. 


12.5 


l.S> 


50 


3.50 








50 


1.06 








50 


.26 




6.16 








81) 


5.01 


— 5 


— .11 


-10 


— .70 
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17.«13 



i.7r>i» 


KM) 


y.Gui 


llM) 


ii.ita 


7r> 


•-M.4HI 


1(H) 


•J.eiH) 





l.J<JS 


llHI 


r.. 4:ft> 





i.ii».*> 


1(K) 



4.4_'H 







4 JtJ 

i.7r> 
e:^4K 





rxx66 



itt'ins \arit'S in iKH'onlaiu-t' with tho Ion niileaire rather than witli 
th«' train milcatre, tlu' rtlWt of this will be very slitrht and will 
c*oin[unsat(* for a ^li^lit int'ivase in other small items on which 
iiotliino- has been allowed. Eno;iiu* supplies (^ items 22 to 25) will 
increase m-arlv as the inileatje, but there will ])0 a saving on tlie 
eonsuniption on eaeh eno;ine for the same reason as stated for item 
1^. The entrines will use less fuel and water while ruiinintT over 
the easier n;rades of the road. This saving has been computed as 
25 per cent of the consumption by a single locomotive, or the net 
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addition to the total consumed by the use of the extra engine would 
Ix* 75 per ci»nt of the average charge. Car mileage (item 33) and 
hire of equipment (item 34) will be iinaflFecteil; also items 38 to 44. 
The general expenses are of course unaffected. 

As before, we may consider this percentage of cost as cents 
per mile. But there is the additional charge for the capital cost 
of the extra engine. The cost of maintenance repairs and renewals 
is included in the above estimate, but the total first cost divided 
by its estimated mileage life should be added for each mile run. 
Locomotives cost anywhere from §5,000 to §15,000, but consider- 
ing §10,000 as an average figure and the mileage life as 800,000 
miles, this makes an extra charge of 1.25 cents per mile, or a total 
of 57.91 cents, which we may call 58 cents. 

196. Numerical Example. A road is being operated with 
ruling grades of 1.80 per cent (95.04 feet j)er mile). There are 
six daily freight trains and two daily passenger trains which are 
affected by the rate of the ruling grade. Surveys have proved the 
feasibility of reducing the ruling grade to 1.45 per cent by an ex- 
penditure of §300,000. Will it ])ay ? The engines ust*d on freight 
work are ** consolidation " engines of the tyjk* mentioned in Table 
XIX, weighing 214,000 pounds, with 100,000 pounds on the driv- 
ers; when the ratio of adhesion is ^^^,, the tractive force is 23,850; 
with a tractive resistance on a level of 8 pounds ]R*r ton, the total 
resistance on the 1.8 j)er cent grade is 44 pounds per ton and the 
gross load j)er train is 23,S50 -r- 44, or 542 tons, and the net load 
is 435 tons. The six freight trains can therefore handle 2,010 tons. 

Although it was said that two passenger trains are affected by 
the ruling grade, it would be manifestly impracticable and unwise 
to cut down the numlxjr. To them the reduction of the grade can 
only be utilized to increase, if ne<?essary, the number of cars in a 
train to handle a hopeil-for increase in traffic. Jjut such a prob- 
lem is outside of the present computations and therefore we must 
ignore the passenger trains excej)t to consider that such trains have 
been heljH*<l and their expenses rc*duced, but that the reduction of 
ex])ense is outside of a limiting effect such as is considered in this 
problem. On the 1.45 per cent grade the total tractive resistance, 
when that on a level is S pounds, is 37 {>ounds per ton. The gross 
load for those same engines — 23,850 -^ 37 = 045 tons; the net 
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I'm.l [^ Urns wl.iirli h soiti.ulniig ov»r oim-lifth of the 2.C10 t«ne 

of tlit) oi r oak'tiktioii, Tliii) bIiowb tbat the reduction in gradf 
will permit l)k* liaiiling of th« same (and evoii k little greattrf 
truRic in tivu trains itiHttJud uf six. If ttie division is 100 rniltts 
loniT. tint annual sAving wuiild l>e 

KK) X Jlf>o X 0.5S = ?21.170. 
(Hliitalixfd at r, pt-r wiit, this wjiiala ?423,400. Since the 
w«rk could Ijk iluno for SiJOIl.OOn. it would evidently be justifiiible 
to do it, if tliH necessary capital can be raised, for the computed 
HnnuHl Bitvinf; doeH not include •'>■■ '"''Tintages of the gntdu retliic- 
tion to the two !it-avy passeng referred to alxiVB, nor to the 

cunsideraMe number uf lighter hich will ruu on that gmde. 

Xor does it coneidi'r ihe fact lli rafHc of aliiioat any road will 

grow uud that the udvaiit rt ly jiroportioiiiiltoiht* tniffie. 

If during the next fifteen o. . ars the traffic doiibh-a (aa ie 

not unlikely), the advantagefl a jrtionately greater. 

pusr >es. 

197. General Principles i r Economy. It frequently 

li.ip[)eue that the natural Hue of a road iuclndes a few grades whivii 
aru considerably higher than all c ;rades. These higher grades 

may be practically ho|)eleBS, because » material reduction in them 
would cost inore tluiu it is worth, or more than the general linanciiil 
condition of the road cau afford. A common error is to consider 
such a grade as the ruling grade and then recklessly permit, at any 
other place on the road, the adoption of any grade less than this 
on the ground that it could never limit the operation of trains, 
liut in such cases, it "fr// be easily practicable to operate the high- 
er grades with a pusher engine and ent down all lesser grades to 
such a rate of grade that the •' through " engine can haul as many 
ears on them as two engines can haul on a pusher grade. The 
(^onomy underlying the method may be seen by a simple illustra- 
tion which is freed from all details. 

Assume that on a division 100 miles long there are two grades 
of five miles each on which pnsher engines are to be used; as- 
sume that the grades on the other DO miles are bo low tliat one 
eiigine may haul as many cars on them aa two engines cau hani on 
the pusher grades; then by using pusher engines the weight of all 
heavy trains may be doubled and the heavy freight may be haodled 
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in half as many trains. But this economy is effected at the cost 
of operating the pusher engines. Using single engines for the 
whole trip, it will require 200 engine miles to haul a double load. 
l>ut a single engine can haul the double load over 00 miles of the 
run, and the same engine with one pusher can haul it up the heavy 
grades. Each pusher engine will travel 10 miles on each grade, 
or twenty miles for the two, and the total number of engine miles 
for a double load will be 120, instead of 200. And when it is con- 
sidered that tlie cost of a pusher engine mile is far less than that 
of an ordinary train mile (as wull be shown), the advantages of 
the method are still more marked. 

Of course the full economy of the method is only realized 
when the maximum thromjli grade bears its proper relation to the 
pusher grade. If the maximum through grade is greater than its 
proper corresponding value for the pusher grade, then the number 
of cars is limited by that through grade and the power of the 
pusher engine is not completely utilized on the pusher grade. 
Economy of operation requires that an engine should work nearly 
to the limit of its ca])acity for as large a jx>rtion of the time as 
possible, and therefore when a heavy engine is compelled to haul a 
light train over nine-tenths of the route in order that there shall l>e 
sufficient power on the other tenth, where alone it is needed, it in- 
dicates a lack of economy in the design. It now becomes necessary 
to develop the proper relation between through and pusher grades. 

198. Balance of Grades for Pusher Service. This will be 
easiest understood by a numerical problem. Sup|x>se that at two 
or three places on the line it seems impracticable to obtain at a 
reasonable expense a less grade than 2.10 j)er cent (nearly 111 feet 
per mile). But since it seems practicable to make a very much 
lower grade elsewhere, we will compute the corresponding through 
grade as the grade to work for. Assume that the through and 
pusher engines are alike and that they are the kind given in Table 
XIX, consolidation type, w^eighing 214,000, with 100,000 on the 
drivers. With ^^ adhesion the tractive power is 28,850, and 
when the tractive resistance on a level is 8 pounds, the total resist- 
ance on the 2.10 j)er cent grade is 50 pounds ])er ton. 

The gross load for a single engine is 477 tons and the net 
load is 370 tons. Two such engines could handle 740 tons on tha*^ 
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grwiitt. If that Dfl IoimI wun- to ln> liaule<l l»y a single engine, th« 
grnss load woiiUi Iw M7 ions. Uivitling tlio tractive iiower (23,S50l 
l)y till" f^roes loud (S47) »v liavu 2S,1 »h the jK)BBil>!t? tractive forro 
per ton. But uiider the same coiiililioiis an alwvn this is the force 
rvqiiirvd on a 1.0 |x>r «>iit jirade, Mhich is therefore the correspoud- 
iiig through grade, or th« rale to which all minor gradea should 
be rwluced, Thia may likewiae he considered ihe ruling grade of 
tht' road, the 2.10 jut a-nl gi-ade lieing e<]iiall_y a ruling grado using 
a [pusher. Soiueiinu's. although rarely, twu |]iishfr engines are used. I 
This nquiree the sotntioD of the proportiooal po&her grade for one 
pusher and the pix^rtional through grade. A jiutiacation for 
this policy in the above case woaU be the faot that altfaongfa many 
of the gndea conld not with reasonable expenditure be redaced 
much under 1.5 per cent, a very large proportion of the road could 
be kept at lees tluin 0.7 per cent. The precise detennination is as 
follows: 

Tractive power of three engines = 3 X 23850 = 71,550 lbs. 

Resistance on 2.10 per cent grade = 8 + (20 X 2.1) = 50 
pounds per ton. 

71550 -!- 60 = 1431 = gross load in tons. 

U:il — {H X 107) = 1110 = net load in tons. 

111(1 + (:i X 107) — 1324 = gross load in tons on the one. 
pusher grade. 

Tractive power of two engines = 2 X 23850 = 47,700 lbs. 

47700 -H 1324 = 30.03 = possilde tractive foree in pounds 
per tou. 

(30.03 _ 8) -=- 20 = 1.40% = permiBsihle grade for one 
pusher. 

1110 + 107 = 1217 = gross load on the through grade. 

Tractive power on one engine = 23,850 jioitnds. 

23^550 -!- 1217 = lil.OO — possible tractive foit-e in ponnds 

(ll).OO _ 8) -^ 20 = 0.58% = permissible through grade. 

It should at onee be reali^.ed that under the assumed condi- 
tions, which are perfectly normal, the above combination of 
through, one-pusher, and two-pusher grades are precisely what 
wonld be required and that each one is ef^ually a limiting grade 
under the conditions. But those relativegrades are mathematically 
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precise only for that particular type of engine and for that partic- 
uhir ratio of track adhesion and that particular normal track resist- 
ance. Fortunately the variations are not great. A storm would 
increase the resistance and would probably decrease the adhesion 
by making the rails slippery. Although this would materially 
reduce the train load, it may be demonstrated that these variations 

TABLE XXII. 
Balanced Grades for One, Two, and Three Engines. 

//fw/>. -ThronKh and push«»r engines alike: consolidation tyiH»; total wdjrlit. 107 
tonn; weijjfht on drivers. r»3 tons: adhesion. »?,. y:ivinK a tractive forct* for viwh engine of 
•j:i.K.T<) lb. ; normal track resistance. 6. (also 8) lb. per ton. 



Track resistance. lb. 



Thron>;h 
tirade. 



Xet lojid 
for one 
engine in 
tons (MH) 
lb.). 



Correspond inc 

pnsher jrrade for 

Hdtiic net lofuf. 



One 
pusher. 



Level. 
l*er cent. 
0.10 
0.20 
0.30 
0.40 



386Htons 
2«74 " 
2278 " 
1880 •• 
15116 •' 



Per cent. 
0.2H 
0.47 
66 
0.84 
l.ftt 



0.JW 
0.60 
0.70 
0.80 
O.iHI 

l.(N) 
1.10 
l.2«l 
I HO 
1.40 

1.50 
1.60 
1.70 
1.80 
1.90 



1384 ' 

1218 •• 

10K5 " 

977 " 

887 •' 

810 •• 

745 " 

688 •* 

638 •' 

5J»I " 

555 •• 

521 •* 

48U •• 

461 '• 

435 " 



1. 10 
1.37 
1.54 
1.70 
1.87 

2.03 
2.1i» 
2.34 
2 50 
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2.80 
2.«5 
3.00 
3.23 
3.37 



Two 
pushers. 



Percent 

O.5.") 

0.H2 



Track re.sistance. 8 lb. 



AV^ load 

for one 

enwlne in 

tons (20IW 

lb.). 



CV»rresi)ondinK 

pusher urade for 

Hfimc net. haui. 



(Mie Two 

l)usher. pushers. 



2«74 ton.s 

2-J78 



2.(H) 


2.10 


2.20 


2.30 


2.40 


2.50 



411 
390 
370 
352 
3:i5 
319 



3.52 
3.65 
3.78 
3.91 
4.04 
4.17 



l.OS 


1880 




1 


1.33 


15516 


•• 


< 


1.57 


1384 






1.80 


1218 






2<r2 


1085 






2.24 


977 


,. 




2.46 


887 






2.66 


810 






2.WJ 


745 






3 06 


6«8 






3.25 


6W 






3.13 


594 






3.61 


555 






3.78 


521 






3.9.-» 


489 






4.12 


461 






4.27 


435 






4.43 


411 






4.59 


890 






4.73 


370 






4.88 


352 






5.02 


8a5 






5.15 


319 






5.29 


304 







IVr cent. 

0.56 
0.74 
0.9i 
1.09 



Per cent. 
0.73 
0.98 
1.23 
1.47 
1.70 



1.27 
1.44 
1.60 
1.77 
1.93 

2.09 

O Ol 

.tf ■ ^ 1 

2. 40 
2.55 

2.70 

2.K5 
2.99 
3.13 
3.27 
3.42 

3.55 
3.68 
3.81 
3.94 
4.07 
4.20 



1.1*2 
2.11 
2.36 
2.56 
2.76 

2.96 
3.15 
3.:{3 
3.51 
3.68 

3.85 
4.02 
4.17 
4.33 
4.49 



4.63 

4.78 
4.92 
5.05 
5.19 
5.33 



would have opposite effects iu altering the ratios, and therefore 
that the ratio of through to pusher grade would remain substanti- 
ally the same. 

A variation in the ty])e of engine and in the mtio of total 
weight to weight on the drivers will also alter the ratio of through 
and pusher grades, but a table sueh as Table XXII c()m])uted for 
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a itMisolidatioii engine will serve very well for almost any ^'oii- 
^>Iulation enixine. Such a table will do for preliminary computa- 
tions, esj^eoially when the road is not yet constructed and the 
prei'ise weight of the engines is still unknown. For the recon- 
struetion of an old line, a table similar to Table XXII should be 
v\>mpiled, l»aseil on the most exact and reliable data obtainable for 
the jvirticular case. The table is derived in precisely the same 
manner as the case worked out above. 

Ej^nnpU, Assume a through grade of 60 feet per mile 
^^= 1.14 jx*r centk what is the corresjxmding one pusher grade? 
lnler|x>lating in Table XXII, we find that when the normal track 
rt^sistauiv is i\ )>ounds per ton, we find a net load of about 722 tons 
and a ]>usher grade of 2.25 |)er cent. If the track resistance was 
inon»aseil to ^ |x>unds |ier ton, the maximum load would be reduced 
to tU»S tons, and the Ci»rres[X)nding pusher grade l)ecomes 2.30 {>er 
wnt. The difference is only 0.05 per cent or less than 3 feet per 
mile. It may stvm anomalous that an increase in resistance would 
jxTmit a hiiilier pusher grade, but this is due to the fact that the 
ci>mputiHl net hwd is much less — so much less that a larger pro- 
jH>rtion of the tractive energy- is available for overcoming grade. 

IQO. Operation of Pusher Engfines. Economy in ])uslier 
i'n«'i:u' work vK'Uia!ul> that ilk* si.-liediiU* of trains be so arrdnm»d 
that till' juisluT r!ii:i!U' oaii bo kept coiistaiitly at work.* If there 
air jit'Noral >hori |ui^luT i^i'^'^'s srparatiMl ]»v several miles of level 
track, it iltluT lurans that a pusher eiiirine must be assitrned to 
i\'U"h «^nnle. where there inav not be enouixh work to keep it busy, and 
therefore its daily eost dividtnl by its enixine mileaixe is abnortnally 
laroe, or else it must travel uselessly over some iiitervenintr 
stretehes of level traek in order to l>e at hand when wanted. Even 
the time table of the trains must be arranj^ed with reference to the 
pusher serviee so that there will not Ik* an aeeumulation of traffic 
at the pusher orades at certain hours, with nothing to do at other 
times. The loeatinc^ entrineer has no concern with the operation 
of trains, hut he should hunch the ])usher grades if j)ossible, even 
sptMuliuiX a little atlditional money for it if necessary. 

On very litcht rratlic roads, where the trains are so few that 
the method does not interfere with the schedule, a pusher grade 
may l>e operated by a single engine, by taking half of the train up 
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first, leaving it on a switch, and then returning after the other 
half. This means slow time (which a very poor road can afford )*, 
it means a saving of the cost of the extra engine, and also the com- 
paratively costly maintenance of it if the total amount of pusher 
work is very light. Such a road is probably not blessed with an 
excess of traffic except during a small part of the year, and the 
cost and maintenance of a useless pusher for a large part of the 
year is thereby saved. But it should be noted that even if it is 
expected to follow this policy, it does not make the slightest dif- 
ference in the design of the pusher grades or in the ratio of through 
to pusher grades. 

Another possible method of economizing on pusher service, 
especially on light traffic roads, where a pusher grade begins or 
ends near a station yard which is so large that a switching engine 
is necessary for at least part of the day, is to combine the switch- 
ing and pusher work. A little ingenuity in planning the schedule 
will thus enable the pusher engine to utilize its whole time in 
useful work. 

200. Leng:th of a Pusher Grade. - The true length which 
must be considered in the following calculations is always some- 
what in excess of the length of the actual grade as measured on 
the profile. Although it is sometimes possible, by having the 
pusher engine a])proach the train from behind, to accomplish its 
work without stopping the train either at the top or bottom of the 
grade, yet this requires an extra length of track and a considera- 
bly extra mileage on the part of the pusher engine. For passenger 
service the assistant engine is always ])laced in front, and although 
it is practicable to uncouple the assistant engine at the top of the 
grade, run it ahead at increased speed, run it on a siding and again 
clear the main track without stopping the train, it is usually neces- 
sary to stop the train at the bottom to couple on. Increased mile- 
age is necessary for this. The stoppage and restarting of a heavy 
train uses upas much energy as would carry the train several miles 
and therefore an increased run by the pusher engine is justifiable 
if it will save stopping the train. A siding at or near the bottom 
and top of the grade (and also a telegraph office) is a convenience 
and almost a necessity for the quick and safe operation of pusher 
grades, and while the^ must be clear of the grade it is sometimes 
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more convenient to remove them some distance from the ends of 
the grade. Each case is a separate problem, bnt the length to be 
nsed in the following calculations must always be the actual ran of 
the pusher engine, which will be somewhat in excess of the «.ta.l 
length of the pusher grade as shown on the profile. 

201. Coat of Pusher Engine Service. The cost depends 
partly on the work done by the engine and partly on mere time. 
The wages of the enginemen must be paid on a per diem basis 
rather than on a mileage basis, and if the engine does not run 
many revenue miles, the cost for tibe miles it does run is increased. 
The items of maintenance of way will evidently be increased in the 
same proportion as was computed in §195 for the additional cost 
of another engine. The only item in maintenance of equipment 
to be affected is that of engine repairs, for which we must allow 
the full 100 per cent. The wages of enginemen, the cost of all 
engine supplies, the wages of switchmen, etc., and the expenses of 
telegraphing will all be increased in their full proportion, but it is 
difficult to see how any of the other items can be increased except 
in special cases. Collecting the items for which a charge is made, 
we have Table XXIII. 

TABLE XXlll. 
Items of the Cost Per Mile of Operating a Pusher Engine. 



Nn 



1 

2 4 

i\ 

8 10 

\'Z 

21 

22-25 

28 

2S> 



Item (abbreviated). 



Kei)airs of roailway 

Kails. Ties. Hrldj^es, etc. 

Huildinp;s, etc 

Ml.scellaneous 

Repairs of locomotives. 

Enginemen 

Engine supplies 

Switchmen, etc 

Telegraph expenses 



Total 



Nonual 


Per cent 


Cost per engine 


average. 


affected. 


mile, i>er cent. 


10.779 


12.5 


_ 1 ;ir» 


«.992 


50 


3 50 


2 096 


50 


1.05 


.525 


50 


26 


6.258 


100 


6.26 


9.640 


100 


9 64 


11.162 


100 


11.16 


4.057 


100 


4 06 


1 906 


100 


1.91 






39.19 



As before, we will consider this percentage as cents per mile, 
but we must add 1.25 cents per mile to allow for the capital cost. 
This makes a total of 40.44 cents per engine mile. But since 
each pusher engine must run two miles to do one mile of pusher 
engine service, we may say that each mile of pusher grade will 
cost 80.88 cents (say 81) for each train assisted. 

202. Numerical Problem. In §190 is given the problem of 
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ji road with rulinj^ ^radi^s of l.SO ]K*r cent which coukl lu^ ivduce<l 
to 1.45 jH^r cent gra(U»s at an uxpiMuliture of $800,()()0. This wouKI 
|)ennit the hauling of six train loads with live engines. An 
alternative solution is here suggested for discussion. Assume 
that the 1.8 per cent grades occur along two stretches having 
''pusher grade lengths" (see §200) of 7 miles and 8 miles. From 
Table XXII we see that the through grade corresponding to a one- 
pusher grade of 1.8 per cent, track resistance |)ounds, is 0.80 
])er cent. Assume that it is found that all the other grades (out- 
si(K^ of the pusher grade stretches) can be reduced to this limit of 
0.8() ])er cent by an expenditure of $200,000. How will this ])lan 
compare with the other if This will at once permit cutting down 
those six trains to three. The saving on one train is $21,170, and 
on three is §08,510. But this is only accomj)lished by using 
j)usher engines on fifteen miles of pusher grade each day on each of 
thre43 trains. This will cost 3 X 15 X 305 X 0.81 =:: §13,804.25. 
Apparently this makes a saving of about $50,000 j)er year to oiF- 
set the immediate expenditure of $200,000. 

There is one defect in the above solution. Its magnitude can 
only be determined by a closer knowledge of the attendant circum- 
stances. The above pusher engine service calls for only 3 X 15 
X 2 == 00 running miles by the jnisher engines. The pusher 
grades are perhaps many miles apart, and therefore one pusher 
encrine must be stationed at each tirade. This <{ives but 45 miles 
of running jyer day for each. This is so small that a much larger 
chari^e than Si cents should be made. Ihit even if the charw 
were made twice as much, which is probably more than ample, the 
vsaving would still be $37,000 j)er year, which would pay theinter- 
est on three times the assumed cost. 

As the number of trains requiring pusher engine assistance 
increases, the calculation on the above basis would grow more ac- 
curate and it may be considered as correct when each pusher engine 
accomplishes a mileage of from 150 to 200 miles. On the above 
conditions, the utilization of the 1.80 per cent grade as a puslu»r 
grade and the reduction of the lower grades seems to be the better 
method, for the cost of accomplishing it would be less and the 
annual savintr would l)e greater; but other conditions could easily 
reverse this decision. 
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BALANCE OF GRADES FOR UNEQUAL TRAFFIC. 

203. Fundamental Principles. The vuluiiifs or wei(r|ita of 
tliH traffic in each of the two directioos on aiiv rund aiv iisiiallv 
f|iiitt! diiferent and frequently tliat in one dirwtion U four or five 
liiiifs tliat in tlie otiitr. Ttie nniiilter of tbroiigh engines ]>afisiii|! 
ovtT thtJ road in eacli diiifction each day ia neceasarily tHfnal, and. 
iiiil<^s9 BOino <"iigiiieH inn "right", the iitinilier of trains rnigt In- 
the flame. The iiuinl>er of jaasenger cars must 1m* the aaine, and. 
ill thi'; long run. even the nunilx^r of freight (»ra must Iw llie same. 
But if the weigbtof the fi-eight is very largely greater in one direc- 
tion than iti the other, the tmrs wlH run neMrlyur ijuilii full in one 
direction and nearly or (jnite empty in the cither dinx-tion. Tlie 
lightly loadnj traina'witl thentfore weigh less und, with the siinie 
thi'dugh engiuti, can anrtiiMUnt a steejxr grade than tlie tieavily 
loaded trsiii. It therefore Imfoines jtistitiuhle to inlnninn- n 
slightly heavier grade ngtiinet the lighter traffic, if ecunomy of 
amatrnetion ia thereby obtained. 

Thtirn nri,* many riMdB\vliii-h aru not conmriiecl with thi.") plnise 
of grade. When a hraneb line runa to eoiiie tertninns in the 
mountains so llmt pnii'licully nil of rlie heavy grades are in uau 
direction and there are no oppoaing grades when running out of 
the mountains (Itarring a few liarmleas sags), there is no limita- 
tion of trains by grades except in the one direction, and there is 
no iifcesaityor object in computing any balance. But the through 
trunk Jines, eejiecially those running east and west, tind that their 
east-bound traffic is three or four times their west-bound traiHc. 

As a single instance, from 1875 to 1880, the ratio of the east- 
bound ton mileage to the west. bound on the Pennsylvania railroad 
was more than 4.5 to 1. The difference of elevation of the termini 
has little or no im|K)rtance in this case since it is so small com. 
]>ared with the total length of the line, and since any possible effect 
which it might have had on the grade is utterly lost iu the heavy 
grades in lK)tb directions when crossing the mountains. Admit- 
ting the jnstificatioD of a variation in the ruling grade in op|H>site 
directions so as to produce a virtual equality in tractive effort, it 
now becomes necessary to compute the theoretical balance. 

204. Computation of Theoretical Balance. In epite of the 
very evident disparity in the weight of the freight traffic in the 
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two directions, there are some equalizing factors, as ^vill bo shown. 

1. The locomotive and passenger car traffic in the two direi'- 
tious are equal. 

2. The passenger traffic in the two directions will be ecjual. 
There is a slight exception to this when a road handles a consider- 
able number of emigrants, but the effect of this is absolutt*ly in- 
significant, especially in view of the further fact that the ratio of 
dead load to live load is very high with passenger traffic, (^on- 
sidering that even 50 j)assengers in a car, assumed to weigh 150 
pounds apiece, would only weigh 7,500 ])ounds which is but * 
of the 45,000 jK)unds which the car ])robably weighs, even a 
considerable variation in passenger traffic each way would not 
affect the gross load materially. 

3. Empty cars have a greater resistance ]>er ton than loaded 
cars. The difference will amount to about two pounds ])er ton. 
Therefore, although a train of loaded cars will require a greater 
gross tractive effort than an equal number of empty cars, the ratio 
will not be in proportion to the gross tonnage. 

4. In spite of the best care and regulations on the ])art of 
the traffic department, many freight cars will run in the direction 
of the heaviest traffic either empty or but partly loaded. 

5. In general it is the freight which has the greatest bulk 
and weight, such as grain, coal, lumber, ore, etc., which is run from 
the rural districts toward the cities and manufacturint£ districts. 

(>. The return traffic, which consists chiefly of manufactured 
products, and which is worth as much as the other, weighs but a 
small fraction of the other. 

As a simple numerical illustration, assume that it has been 
determined that on a given east and west line the east-bound traffic 
is three times the west-bound traffic. Some of the recent 100,000 
capacity cars weigh only 25 to 30 per cent of their total loaded 
weight, but considering the other cars of which the conditions are 
noteo favorable and the partly loaded cars which run even in the 
direction of heavy traffic, we will assume that 40 j)er cent of the gross 
load is dead weight and that GO j)er cent is live load for the east- 
bound traffic. Using the same cars, the live load for west-bound 
traffic is ^ of 60 per cent or 20 per cent of the gross east-bound 
tonnage, and the gross train load is 40 per cent plus 20 per cent or 60 
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tbf gross I'aHt-bounij tunimgi-. Assiimv ttiut i\u: niluiir 

■'■■ftd mt lltH t!itst-lK)tiii(] Iratlic liaa Iwun fixwl at 1.3 per cent. 

t I Id Ijf tlio corru8|)ondin{i rulitig {jrado Bgainst tin* wt^sd. 

)i rhftic! Froiii TiiblH XXII w« find that with a track 

. t) on a K>vi>l uf 'I poiindBjK'r ton tbt> iwf load Iwliindni'oii- 

I ntum diigirie of llii- tyite tljert- iiietititiiitHl wonid be fiS8 tons 

on H 1.2 j(»r wtit grttdf. Of tliw 6SS tons, 40 (nTceut.or 275 tons, 

J^^^^^^ b« the wei^Iit of llie (-arB, and 4i;-J tous tlit* weight of the load- 

'^^^^^^H ] tbL< wt-et-boiiiid trip the live load will be one-third of 

^^^^^^^ i H ■■(• 138 tons. TIu! cars weinh 275 tims, Imt two.thinls of 

^^^B Btt, or , are empty, at 

I^^^Hl Ko [)Oiinils fT ton luort! or |io 

^^^^B Resistance on a levfl ie theri'fore 

^^^^^h 183 tonf of nurH (^i ^ jiuiiiidis |Kir 

^^^1 ^l;(i 

^^^M 1^8 " livi^.bnid ^ ti 

^^H '•i.ngine (g(! 

^^^^^ Siiblractinj^ 3,1811 from aa,85ll. the total adhesion of that 

H [ingirie. we liavu 'ZO,SCii. the total force available for gradu. Uivid- 

^^ infj this \>y the total load 5U0, webavn 3!). 16 pounds [K^r ton whi;:li 

will overcome a ffrade of l.Stfi pt.T eeiit. Under the above condi- 
tions tliis ia the correct tigiire. Of coiirae the value would l>e 
slightly moditii-d by using a difTer«nt type of engine, but a numeri- 
cal trial will show that the variation is very small for any reason- 
able variation in the tyjKJ of engine, or the other minor conditions. 
The great cause of variation is the ratio of traffic in the two directions. 
205. Estimation of the Relative Traffic. The estimation 
of the relative volumes of traffic on a road yet to be constructed is 
usually a matter of slieer guesswork except as it might be inferred 
from existing roads which are similar in character. But this prob- 
lem often forms one of the features of the plans for the improve- 
ment of existing lines and in such a case there is an abundance of 
existing data, Since it concerns only the ruling grades, it affects 
only those trains which are affected by the rate of the ruling grade. 
It is unfortunately true that the fluctuations of traffic are such 
that a ratio which might have been [xrfect at the time of its com- 
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])Utation may become considerably in error for a long period of 

time if not permanently. A change in the development of the 

country may turn an agricultural region into a manufacturing 

region or the discovery of vast deposits of coal or ore may result in 

a considerable and permanent change in the flow of traffic. 

The Interstate Commerce Commission rej)ort for 1901-2 gives 

the followincr as the chief items of freight tonn'acre: 

Bituminous coal 255,792,615 tons 

Lumber 88,653,^53 

Ores 84,866,105 

Anthracite coal as,720,175 

Grain 52,257,455 

Stone, sand and other like articles 52,281,827 

Coke 47,451,880 

Merchandise 47,015,216 

80 other headings 

Total 1,061,618,627 tons. 

It will readily be seen that the above items only include the heavy 
bulky freight. Such an item of manufacture as agricultural im- 
plements only weighed 2,445,t)55 tons, and household goods and 
furniture but little more. These figures emphasize the statements 
made above regarding the relative weights of various classes of traffic. 
Perhaps the safest general rule is to say that opposite ruling 
grades should 1)0 made equal unless there is a definite reason for 
making them unequal. The reconstruction of the great trunk lines, 
on which so much money is now being spent, invariably aims at a 
lower grade against east-bound traffic than that allowed against the 
west-bound. The Canadian Pacific railroad had scarcely been com- 
pleted before there was a reconstruction with this end in view. 
While it is one of the most uncertain elements to calculate, its 
justification under certain conditions is un(juestionable. 

THE inPROVEMENT OF OLD LINES. 

206. Classification. The improvements here considered are 
chiefiy those which deal with changes of alignment. The replace- 
ment of antiquated station buildings with modern structures, the 
reconstruction of bridges to meet the demands of heavier rolling 
stock, the substitution of heavier rails, and even the installation of 
block signaling are improvements which are of great value if not 
matters of absolute necessity. Some of them demand a high order 
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of engineering talent for their pn^r instalkitioOf bat they are not 
matters which directly affect the alignment. 

(a) Increctsinff the bu9ine9$. It has been previooaly stated 
that increasing the business done by the road is the most impor- 
tant element to be considered, since a comparatively small change 
in the business done suflSoes to change profit to loss or vice 
versa. To some extent this matter is under the contend of the engi- 
neer, insofar as he is able to select the location of the road as it 
approaches towns. Many roads have ruined their business pos- 
sibilities in a town by the fidse economy of running the line 
through the outskirts rather than boldly forcong a way to the heArt 
of the businera portion. Many a coad has ultimately perceived its 
blunder and has retrieved it by spending millions where tens of 
thousands would have accomplished thtf same rssult during the 
original construction. 

Usually the engineer is not to blame for these blunders. He 
is not permitted to decide questicms oi sudi magnitude. But there 
are lesser questions such as the crossing of a considerable river to 
reach a town, when the best route for the road (topographically) is 
on the farther bank. The cost of such an improvraaent is a mere 
matter of constructive estimate. The advantages to be gained are 
very uncertain and perhaps variable. . Wellington estimates that the 
location of the station one mile from the center of population will 
cut off 25 per cent of the traffic, even when it is non-competitive. 
A handicap of one mile in competing for traffic would make such 
competition almost hopeless. There are 'numerous instances in 
this country where two lines of road compete for \he business of a 
string of towns. The road with the convenient stations not only 
does the most of the business — it does nearly all of it. 

(by Chaii<j(*s in curvature^ ami distance and the elimina- 
tion of sa(js and humps. The financial value of these changes 
has already been discussed. Usually any change of alignment will 
involve some of each of these three classes of changes. Although 
the changes should be favorable in all respects,]if possible, yet it may 
readily happen that a great advantage in grade (for example) 
might only be obtained by a relatively insignificant increase in 
curvature. In such a case, the variation of all these elements 
must be computed separately and their "net effect considered. 



^ac^ 



RAILROAD ENGINEERING 279 



(c) lielocatiOfi af stations and passuuj slduKjn, The re- 
location of stations is sometimes advisable in order to give greater 
facilities and therefore attract new business. It is also done when 
an enlargement is necessary which has become impracticable at the 
old location. Another very important reason is found when the 
station is located on a heavy grade. The same principles apply to 
the location of passing sidings. The tractive resistance to starting 
is so great that if a station or passing siding is located on a grade 
which is equal to (or even much less than) the ruling grade, the 
total resistance when starting a heavy train may be so great that 
it may limit the weight of trains to less than that computed for 
the ruling grade. Under such circumstances a relocation or re- 
construction of some sort is almost inn)erative. This important 
kind of improvement will be further discussed. 

{(I) I n<*reasiti<j the train load. Some of the methods of 
doing this have already been discussed under "(Trade''. The 
8j)ecial application of those methods to constructed lines will be 
treated later. 

207. Advantages and Disadvantages of a Relocation. All 
calculations on the reconstruction of an old line involve the cost 
of the improvement and the financial or operating advantages to 
be gained by it. The lirst element is merely an estimate of con- 
structive cost, which is always obtainable as closc^ly as is necessary. 
The advantages to be gained are especially uncertain when the 
business done is unknown. But in the case of an operated road, 
the business done is a perfectly definite (quantity. Even the cost 
per train mile, which may differ very largely from the average 
values which have been used in the previous calculations, is readily 
determinable, and of course these values should be used. Calcula- 
tions involving grade also involve the tractive power of the lo- 
comotives used. In previous calculations, average values were 
necessarily used. ()n a constructed and o|)erated road, the actual 
capabilities of the loconjotives in operation may be easily studied 
and very accurate calculations based on them. 

On the other hand, a reconstruction of even very small stretches 
of the line involves the abandonment of work on which much 
money has been sj)ent and also involves the expenditure of further 
sums to obtain an advantage which may seem very clear and cer- 
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tain to the eogioeer, but which may seem very ancertain to the 
non-technical boarcl of directors. It should not be forgotten that 
the cost of a road to subgrade is frequently not more than one- 
third of the total cost of construction and equipment, and that in 
some cases an expenditure of a small percentage of the total cost 
will sufltoe to make a diange which will permit an increase in the 
train load of 50 per cent or more. And yet the &ct that the 
money spent in the original construction of die abandoned portion 
must be consi<lered as sunk (unless die old right of way may be 
utilized for some other purpose) will have a deterrent effect on the 
directors. 

It should not be forgotten that there is a legal question in- 
volved in the abandonment of an old line. It may be detri- 
mental to the business interests of a fsctory which was ori^nally 
located alongside of the railroad for the special purpose of trans- 
portation fiKsilities. The injury to that fsctory's interests would 
be considerable and might be the ground for a successful suit fcnr 
damages. This element of cost of the whole project must there- 
fore be considered. 

REDUCTION OF THB VIRTUAL QRADB. 

208. Collection of Data for Computations. A compara- 
tively simple series of observations showing the actual handling of 
trains on the ruling grades of a road has frequently demonstrated 
that a mere change in operating methods, without any constructive 
change in the roadbed, will suffice to make possible an increase in 
the train load. The first step in the investigation is to locate all 
grades which are steep enough or long enough so that there is any 
possibility that they may be ruling grades. The original profiles 
of the road will suffice for this when they are available. Near the 
bottom (and also near the top) of all such grades a pair of targets 
should be erected at some measured distance apart so that the 
velocity of the train may be determined by noting the time re- 
quired to pass that distance. On the one hand, that distance 
should be made very short so that there will be no appreciable 
change in velocity while running that distance, but, on the other 
hand, when it is very short it is difficult to obtain the time with a 
close percent<f{/e of accuracy. The distance recommended by Wel- 
lington is 293 feet 4 inches, which is exactly y^g^ of a mile. Then 
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if « = the time in eoconda rt^quired to jasa tliia ajmiw of 2!*3 feet 
4 inches, the velocity in miles per honr = 200 -=- #. 

As a numerical illustration, assume tliat the time requiri:Hl to 
pass that space is exactly 10 seconds. If -^g of a mile is run in 
10 seconds, tlie mile would require 180 seconds, which is three 
minutes, and the speed is 20 miles per hour. But 200 -=- 10 = 20, 
the required velocity. IE a stop watch is used which will record 
speed to fifths of a second, a ten-second run is recorded to 2 per 
cent. The faster the speed, the less the percentage of accuracy. If 
the 8[>eed of the train is lialde to he much greater, which is very 
probable in these days of high-speed freight trains, a better dis- 
tance will be 440 feet, Then the velocity in miles per hour 
= 300 H- M. This will give a letter jwrcentage of accuracy. The 
velocity in miles per hour for any other length may be olilnined 
from the formula 

„ (length of base in feet) X 3fiO(l . 

^= (time in seconds) ^TEim ^^^^> 

The targets may be anything which is readily visible when 
riding past; even a piece of white cotton cloth, tacked on to the 
feuce, will answer the purpose. Since oub of the essential ques- 
tions is to determine whether the engine is doing all that it cuu or 
should, the conditions under which the engine is working lanst be 
known. Although economy and ofScieucy of working require that 
the steam bo used ex[)ansively when running at high speeds, yet the 
maximnm tractive force ia obtained from the locomotive when it 
is ruuuiug at mtlier slow s[)ee<l, with its maximum steam pressure, 
wide-open throttle and cutting off nearly if not quite nt full stroke. 
Since a slippery track will induence the tractive force, a note of 
the condition of the track should be made, as well as the Force and 
direction of the wind or any other circumstance which would have 
such inllnence that it could not be considered a normal test. The 
weight of the train should also lie obtained to the nearest ton. This 
may l>e done by noting the dead weight of the cars and engiue and 
also obtaining from the freight department the loading of the cars. 

After having located the targets, several trips should l)e taken 
over the line on all trains which ai-e so heavy that they are affected 
by the ruling grades. It will be necessary to note the velocity, 
not only when climbing up a ruling grade, but also when descend- 
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iog iDto s (Mg and when the ftoqBJred momentam is esaential to 
uoendiDg the BQoceediog np Knule. Sevwal Uips ahoald be made 
OD trsiDB which are wurkint; uiuler nominally thtt aaiiiti conditions 
as to tjpe of engine and tniin loud. A comparison of resulta will 
show the general acciii-ai/y of tlit^ work, while ta\ average of Uie re- 
Bolts Till give Taloea wiiidj eliontd W- very reliaMu. 

3D9. UtiUxirtlon of the Data. A little -consideralion of the 
bwB of mechanios aa applied to tbe motion uF trains will show the 
aocnracy of the ftdlowing satemeols: 

(a) If. on !i uniform grade, tlie velocity increases, it aliowa 
that nnder those eonditions of engine working, tbe load is less 
than tbe engine i-<//i handle on that grade. 

■(b) If the velocity decreaaea when the engine is working at 
its raaxiraani capacity, it aliows that the load is greater than the 
engine can handle on an indefinite length of snch a grade. It 
shows that the grade is being 0{)emted by momeutuni. From the 
rate of the decrease of the velocity, the maxim nni practicable length 
of snch a grade, starting with a girm .veloeitj, may be easily 
oompnted. 

(c) By combining tbe raanlta fat anj ona bwn and en^ne 
when the steam preeanre and other working conditions are ae nearly 
uniform aa possible, but when the train ieclimbingdilferent gradea, 
it will be possible to compute values of the normal tractive resist- 
ance, aince the grade resistance and variations in kinetic energy 
are definite mathematical quantities. 

(d) Having au independent value for the normal tractive 
resistance on that weight of rail and condition of roadbed, and the 
power of the locomotives in actual use on that road, reliable esti. 
mates may be made of the effect of changes of grade. 

The force required (in addition to all the tractive and grade 
reaiatances) to impart to a train a given velocity in a given dia. 
tance may be computed as follows: , What force P is required to 
impart to a weight AV a velocity w in a diatance a? By an ampli- 
fication of the lawa of Mechanics, as given in §183, we may say 

that the kinetic energy of a l>ody, which = ^^ > alaoequalsPs. 
From which, we may write P = ^ (107) 
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As a corollary to this, we may also write that, if P' = the force 
required to increase the velocity of W from v^ to v.,^ then 

Substituting in this formula W = 2,000 pounds (one ton), (j = 
32.16, and s^ — 5,280 feet (one mile) and also multiplying by 

(5280 X'^ so as to change the velocity unit from feet per second to 
3000 / miles per hour, we have 

F = .01267 ( V/ - V/). 
Increasing this coefHcient 5 per cent to allow for the rotative 

» 

kinetic energj' of the wheels, as explained in §183, we have 

F = .0133 (V/-V,^) (109) 

In equation 109, P* is the force required per ton (in addition to all 
the other resistances) to increase the velocity of the train from V, 
miles per hour to V, miles per hour and to accomplish that increase 
in a distance of one viiU. Since it may be more convenient to 
state the distance in which the increase in velocity must be ac- 
complished mfeet^ we may write 

70 ^'^4 

F' = i:^^::::::^ (V/ - V,^) (llO) 

Example, Assume that two bases of 440 feet each have been 
laid off at the top and bottom of a 1.70 per cent grade, the dis- 
tance between the bases being 6,000 feet. A train with cars 
weighing 435 tons drawn by a consolidation engine weighing 107 
tons is timed as it runs up the grade. The time on the lower 
base is 16 J^ seconds and on the upper base 13| seconds. 

300 300 

10:2 = ^^'^ ^"^ i3Ti = 22-^' 

which are the respective velocities in miles per hour. It is at 
once apparent that the train has gained velocity on the grade, and 
since this proves that it is doing more work than is required by 
tlie grade and tractive resistances, the engine is not loaded to its 
full capacity. 

Substituting 18.5 = V^ and 22. 1 = V^ in equation 110, with 
8 = 6,000, we deduce F' = 1.70 pounds, which is the additional pull 
which is actually being developed by the engine for each ton's 
weight of the train. The total surplus pull =- 542 X 1.70 - 921 
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jKHinds. A pn-wise cjilciilnliou of tlie additiontil loading which 
t'oulii l»e haniwi by tliia siirplaa power requires the deteruiiuation, 
by a coutpariaou of a series uf such observations as the above, of 
tli« normal tractive resistance^ but for our pnseent purjKtse it is 
satHcietitly accurate to use the average value of 8 pounds per tou. 
Ua this basis, since the grade reaistanoe is 34: pounds per ton on a 
1.70 [KT w-nt grade, the total reaistauce ia 42 pounds per tou iind the 
iiicreaseil loading conld hv '.'21 -;• 42 = 22 tons. This ia a Buiall 
uinrgin, less than the weight of a louded car, although it ia pos- 
silile in this case that one nioro car might be hauled up tliis gradu 
by reducing, rile train velocity and thereby reducing the train 
resistance. 

Of course the above pair of observationa and their nmuerical 
computation must be considered as but oimuFa very large o umber 
which should be taken on that particular grade. All trains which 
may possibly l>e affected by the rate of the ruling grade sliould be 
timed and the capacity of each engine studied. Of course there 
will be considerable variation in results which should nominally 
be iho same, tho variation being due to changes in conditions, slip. 
pery rails, imperfections in the ruadl>ed which increase the resist- 
ance, etc. Tlie method ia capable of giving results from which 
very pocilive deductioTis may be drawn. 

210. Reducing the Starting Qrade at SUtions. The re- 
quired drawbar pull when starting a train is very much greater 
per ton than when running at a moderate velocity. This is due 
partly to the fact that the journal resistance is so increased that 
the mere tractive pull, regardless of grade and inertia, is perhaps 
10 pounds per ton greater. Aud then the additional force re- 
quired to impart a given velocity in a given distance is very con- 
siderable. If a train is required to attain a velocity of 25 miles 
per hour in a distance of 1,500 feet, starting from rest, the addi- 
tional force per ton may be computed from equation 110 by sub- 
stituting 1,500 for fl, 25 for V^, and for V,. Solving, we 
obtain P" = 29.26 pounds. If we add 16 pounds per ton for the 
resistance at the instant of starting, we have 45.26 pounds, which 
is the equivalent of a 2.26 per cent grade or over 119 feet per mile. 
And tliis would be the virtual grade even if the actual grade were 
level. If, in addition to this, a considerable grade must be climbed, 



RAILROAD ENGINEERING 285 



the power of the locomotive would be insufficient unless the load 
was very small. Of course the practical result would be that the 
train would take a much. greater distance in which to acquire its 
velocity, and in the case of a freight train, it probably would not 
acquire that speed of 25 miles per hour on any considerable up grade. 

In §§183-186 is shown the economic value and even necessity 
of cutting down the rate of grade, especially if it Ije a ruling grade, 
when a stop for heavy trains occurs on that grade. Of course this 
should be done during the original construction of the road. But 
when this precaution has been neglected or when there arises the 
unforeseen necessity for a stopping place on a steep grade, some 
change of grade is almost imperative. This may sometimes be ac- 
complished by a change w^hich extends beyond the limits of the 
original grade and which permits an actual reduction of grade at 
the station. 

Another possible plan is the insertion of a hump, such as is 
shown in Fig. 101. Assume that on an original uniform grade of 
1.2 per cent a stop becomes necessary at 13. A train passing A at 
a speed of 20 miles per hour would have a ** velocity head" of 14.05 
feet. If a hump of 10 feet were made at the point B by introdu- 
cing a 1.45 per cent grade for a distance of 4,000 feet, the train 
would still have a velocity head of 14.05 -;— 10 = 4.05 feet, which 
corresjx)nds to a speed of 10.7 miles per hour, when it reached B. 




^ Lty^f . 

Fig. 161. 

Even at a velocity of 17 miles |)er hour at A there would be suf- 
ficient kinetic energj' in the train to climb the 10 feet. The work 
done by the engine as 4t reaches A is 24 pounds per ton for grade 
and perhaps 8 more for tractive resistances. Assume that the run- 
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off from B to C is made 1,000 feet long. £?en this will leave tbe 
grade + 0.2 per cent This will reqoire 4 pounds per ton for grade 
and say 16 more for excessive starting resistances. But as the 
velocity increases this starting resistance will be speedily reduced 
to perhaps 6 pounds per ton. Taking the average figure of 11 and 
adding 4 for grade we have 16 pounds per ton resistance. Sub- 
tracting this from 82, the total power of the engine, we have left 
17 pounds per ton available for drei^ing kinetic energy. Trans- 
forming equation 110, by considering V, « tbe unknown quantity, 
and calling Y, = 0, we ba^e 

^.• = mm (111) 

Substitating 17 for F' and 1,000 for «, we find that Y,* = 242 
and Y, = 15.6, the attainable velocity in miles per hoar when the 
train arrives at C. 

Probably the velocity would be somewhat in excess of this 
since the tractive resistance would very quickly reduce down to 6 
pounds per ton or even less, the power dien available for kinetic 
energy would then be greater and the desired* velocity could then 
be acquired more quickly. It is quite possible or probable that 
the above solution could be profitably modified to better suit tbe 
detailed conditions, but it is given to illustrate the general princi- 
ple of a feasible method of solving such problems. 

The effect of the hump on trains running down grade and 
stopping at B is favorable rather than otherwise. The virtual up 
grade from C to B (although it is actually a down grade) will assist 
in stoj)ping the train at B. The increase in the down grade from 
B to A will enable the train to attain its normal velocity with a 
decrease of time and energy. 

INCREASING THE WEIGHT OF THE RAIIJS. 

21 1 . Essential Qualities of a Rail. A rail reduces the tractive 
force re(juired to haul a wheel having a given load. If a wheel is 
being hauled over soft sand, it sinks to a considerable depth into 
the sand, and the effect is virtually the same as if it were being 
hauled up a considerable grade. The work done includes that re- 
(juired to compress the sand and make the rut which is thus form- 
ed. If the wheel were rolled on a surface-like rubber, although the 
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tractive force includes the work necessary to compress the rubl>ery 
surface to some depth, yet tliere would he some compensation 
owing to the forward component of the pressure ajrainst the wheel 
tread as it occurs back of the center. Such a component is wholly 
lacking on a sand road. 

Such resistances are reduced to exceedingly small quantities on 
a rail. The rails rest on ties and the ties on ballast and the resist- 
ance to pressure depends largely on the tamping of the ballast. 
Any permanent deformation of the ballast means just so much 
ene^:gy wasted. This is largely reduced by the strength and stiff- 
ness of the rail. The very high elasticity of the rail surface re- 
duces the energy spent in compressing that surface by the wheel to 
an insignificant quantity. It may therefore be said that when we 
buy rails, what we want are the imponderable q\m\\t\e&ot strenf/t/i 
and stfjf'/icss rather than mere tons of steel. If the rails do not 
have the requisite strength and stiffness, they are correspondingly 
worthless, no matter how much they weigh. Although the sec- 
tions of rails of varying weights are not geometrically similar fig- 
ures, they are so nearly so that the following demonstration is sub- 
stantially true: 

The laws of mechanics tell us that if prismatic l>eams have 
geometrically similar cross-sections, the strenfjth varies as the 
/v//>/^and the nttjfnei^tt as the fnarfh power of the homologous di- 
mensions. But since the area of the sections (and therefore the 
weight of the rails per foot or yard) varies as the f^qaare^ it follows 
that the strength varies as the 3 |)ower and the stiffness as the 
square of the weight. For all ordinary variations in weight the 
price per ton is constant. 

212. Economics of Heavier Rails. As a numerical illustra- 
tion of the above, assume that the road is laid with 7()-lb. rails. lie- 
placing them with 8()-lb. rails will add 14 per cent to the cost, but 
it will also add 22 per cent to the strength and nearly 31 per cent 
to the stiffness. The increase in weight |)er mile of single track 
will be 15.71 grost. tons, which at $30 j)er ton would cost $471.30 
per mile. One mile of the 70-lb. rails wcmld cost §3,300. At the 
same mte j)er unit of stiffness the SO-lb. rails are worth $4,309,80, an 
increAseof$l,OOlKSO, which is obtained at an ex|HMiditureof$471,30. 
At the same rate per unit of strength the SO-lb. rails are worth 
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$4,032.60, an increase of $732.60, which is obtained at an expendi- 
ture of $471.30. Of course this line of reasoning might be carried 
to the extent of attempting to justify the use of, say, 100-Ib. rails on 
a very light trafSc road. An expenditure is not justifiable simply 
because it is cheaply obtained. The real question becomes — is the 
increase in weight and resulting cost justified by a sufficient de- 
crease in operating expenses! 

A precise antJysis would be very difficult if not impractica- 
ble. Stronger and stiffer rails decrease tractive resistance and 
therefore decrease coal consumption, wear and tear of rolling stock 
and even the wear and tear of tihe track, owing to a decrease in de- 
structive impact and vibration. A decrease of only one pound per 
ton would increase the possible train load on a level by 10 to 15 
per cent The saving of one pound per ton would have less and 
less importance as the grade grew higher. Since tractive resist- 
ance is largely dependent on the tamping of tho ballast and a mul- 
titude of other influences, of which the strength and stiffness of 
the rail is but one, it is impracticable to compute the true value 
of these rail characteristics. 

An approximate rule, given by the Baldwin Locomotive 
Works says, ''Each ten pounds weight per yard of ordinary steel 
rail, properly supported by cross ties (not less than 14 for a 30- 
foot rail), is capable of sustaining a safe load per wheel of 2,2-1:0 
pounds." A 100,000 pound capacity car will weigh when load- 
ed about 140,000 pounds or 17,500 pounds j)er wheel. By the 
above rule, roads handling such cars should have rails weighing 
about 80 pounds per yard. The heaviest consolidation engine re- 
ferred to in Table XIX has 181,200 pounds on the drivers or 
22,650 pounds per driver. By the above rule such an engine should 
have 100-lb. rails to run ou. And even this does not mean that even 
heavier rails might not be advisable and economical even with the 
lighter loads. It is probably true that it is economical to use a rail 
which is heavier than that size which is merely ''safe." 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of *this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanving these are 
examples for practice which will aia the reader in 
fixing the principles in mind. 

In the foU owing pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing tne reader's knowledge of the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, or 
Engineer's License. In some cases numerical answers 
are given as a further aid in this work. 



871 



REVIEW QUESTIONS 



ox T 1£ K » LT H J K O T OK 



PLOTTING AND TOPOGRAPHY 



1. What scale of map and what general method of field 
work would you adopt for surveying and plotting the smaller de 
tails of topography? Give reasons. 

2. Define a contour. What is a contour interval and what 
conditions determine it? 

3. Describe "hachures" and the principles on which they 
are drawn. 

4. Ilow would you determine contours on a small area if 
only a tape, rod, and hand-level were available 3 Explain why. 

5. The elevations of two adjacent points are 68.2 and 87.9 
feet respectively; the points are 90 feet apart horizontally; locate 
the five- foot contours l)etween them. 

G. Vertical anijles taken to the O-foot and 1-foot marks on a 
rod held vertically gave the angles - ITiS* and - 4 07' respei't- 

(a) ively; what is the true horizontal distance froiy 

instrument to rod ? 

(b) what is the relative elevation of the ground at the 

rod and the telescoj)e 'i 

(c) how much would the horizontal distance l>e altered 

by a change of one-half minute in either ver- 
tical angle ? 

7. What are the disadvantatres of the tjradienter which do 
not apply to the stadia method ? 

8. What are the limitations of the stadia method ? 

9. What are the three shortoneil methods of "• reilucinir" 
stadia observations ? 

10. What are the true horizontal distances and dilfeivnces 
of elevation for the following ol)6ervations when [/' + c) = 1.0 
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jtl Compute ttO(x>riliiig lu thu strictest theory uiid also accord - 
to the ap])roximate luutliod, 

liod interval l.tlU 2.tJ5 7.S0 

Vertical aiij^Ie 18" 15' li ID' 1 ' W 

11, DhhcHIw tlie process and inakti the coiiiputMliuns for 
ttiiig the angles VZ m\ ^7 ' 20' and l)2'40'hy thu tanjit-nt 

)tiiod. 

12. Ibiilu M sjKvimeii of |jro!ilo pii|R'r for u jirolilo 2,5(10 feet 
and IDU iwi rangB of elevalioti, at tho scales iOO feet = 1 

I hurimtitally and 20 foct = 1 inch vertically. I'lot a proiilo 
ordiiig to the following notes: 
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zsi.a 


IM 
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17(1.4 
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2UI,0 
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lilt a grade line which has an elevation of 1116,5 at Sta. 150 and 
KgradDof + ():i'$.. 

13. Discuss the j)roper choice of a protractor for plotting 
angles. 

W. Draw the jwrallela and ineridiaHs as given in § 21, page 
'A\, by the method of trapezoidal projection, described on page 28. 
Draw it on tracing paper or tracing cloth and lay over the solution 
called for in 4^ 21. bo as to note the discrepancies of this method. 

15. Describe the method of making a "simple conic pro- 
jection"; what portion of the resulting map is correctly repre- 
sented? What is the natnreof the distortion of the other portions? 

II). What determines the radius of curvature of any devel- 
oped "parallel" on tlio "polyconic" system ? 

17. What are the applications and limitations of the "three- 
jHtint" problem ? 

1«. Describe the tlirce general methods of plotting tho 
[wsition of a jwint determined by the three-point method. 

19. What three colors are chiefly used for topographical 
maps; classify the tojwgraphical features which are indicated by 
each color '{ 
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1. What are the elements of railroad location which are in 
general antagonistic? Deduce from the above the chief duties of 
the locating engineer. 

2. What is the chief object to Iw accomplished by a recon- 
noissance survey? 

3. What are the three elements involved in the survey of 
any line and what are the methods of determining these elements 
in reconnoissance surveys? 

4. What is the practical value and what are the limitations 
of barometric leveling? 

5. What is the general object to l^e accomplished by means 
of a preliminary survey?. 

0. To what extent should the compass needle l)e used dur- 
ing preliminary surveys? 

7. Why is it that a Locke level with its limited accuracy is 
a proper instrument for cross-section work ? 

8. Under what circumstances is the stadia method ad van- 
tageous for preliminary surveys? 

9. What is the justification of making two or more pre- 
liminary surveys through difficult portions of the route? 

10. How are the tangents and curves for the '* location " 
determined? How is the location survey "tied" to the prelimi- 
nary survey? 

11. IIow would you select a low-grade line through a diffi- 
cult piece of mountainous country? 

12 IIow are transit stations and bench marks secured 
against disturbance during construction of the road? 



13. l>eliiit!i tlin dt'fjree of a t'lirvf. "What is the a|ipro\itiiatu 
mlo for tliB radi\i8 of a ciirvo of a given degree ? "What is the 
percentHge of error of this rule for a 10^ curve ? 

14. What IB a snli-ehord ! What will be the excess lengtJi 
of a Hiih-chortl with a nominal length of 45' on a 5" curve? 

15. Wlmt is the tlifferenee between tha nuniiual length of a 
railrutul curve an J il3 true length measnped on th>* arci What 
will this amount to in the case of a 6" curve subtending a central 
angle uf 34" 30'? 

1(1. If two adjacent tangents which make an angle of 24 ' US, 
are connected by a 3' 30' curve, what will be the diatanee from the 
vertex to the point of the curve ? 

17. In the case given above, how far will the curve puss 
from the vertex ! 

1§. A 3" 30' curve ie to begin at 8U. 142 + 05 and is to 
havea total eentral angle of 28° 30' ; coiiipnte thedcflectioiifl from 
the tangent at the P.t'. to each Blation and to the P.T. 

ID. In the aiiove cose assnme that on account uf obBtructii>rm 
to sighting it w;is necesBsry to set up the iuatrument at Sla. 14'» 
and si^rht Iinck to Sla. 144. Applyiug the ruleof si-ctioii r.'.j. what 
should Iw the reading of the horizontal plate when the iDstniment 
is sighted at Sta, 144, and wliat should be the reading when it is 
sighted ahead at Sta. 148 ? 

20. Assume that a 3" curve having a central angle of 14° 30 
is to I>e located by tangential offsets; make a sketch of this case 
and compute and mark on the sketch the deflections and distances. 

21. After running a 4° curve to some point a as in Figure 
10, the curve is found to be obstructed. It is estimated that the 
curve would again be clear about 400 feet further on. Compute 
the long chord inn and the angle which tun. would make with a 
tangent to the curve at n. What would be the offset from this 
long chord to the second station heyond ?j. 1 

22. Give detaileii solutions of the prolilenis stated in sec- 
tion 30 ? 

23. (live detailed solutions of the problems stated in sec- 
tion 34 ? 

24. What is the essential character of a transition curve and 
why it 
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25. Two tarifrents make an angle of 34° 25'. They are to be 
joined by a 5^ curve having a F- per- 25 -foot spiral with 4 chorda 
at each end of the curve. C'Oiupute the distance from the vertex 
of the curve to the point of beginning of the spiral and also the 
distance from the vertex to the middle point of the curve. 

20. Write out the detailed solution of the problem given in 
section 43. 

27. A grade of - .9 per cent is changed in a sag to a grade of 
+ 1.3 per cent. Assume that these grades will be joined by a 
vertical curve 1,100 feet long. The vertex of the curve occurs at 
Sta. 45 + 20 and has an elevation of 122.7. Compute the eleva- 
tions for each station point in the length of this vertical curve. 

28. What are the usual slope ratios for excavation in ordi- 
nary earth work; for a fill of ordinary earth ; also for a fill of blasted 
rock ? 

29. What width of roadbed is usually required for cuts and 
fills for both single and double track. 

80. Discuss the importance of a good drainage of the roadbed. 

81 Why is it that the computed volume of any mass of 
earthwork may not represent accurately the amount of earth act- 
ually excavated even though the mathematical computations have 
been made with accuracy ? What points of a cross-section are 
determined in earthwork surveys and why? 

32. Describe in your own words, illustrating the description 
by an assumed numerical case, the method of loc*ating slo})e stakes. 

33. What is meant by level sections ? Why are they prob- 
ably inaccurate ? 

34. Under what circumstances are coifiputations made on 
the base of level sections ♦especially inaccurate ? 

35. What are the ad van taws and the errors of the method 
of equivalent sections? 

So. Why is it easier to compute the volume of a prismoid 
by "averaging in areas" and applying a "prismoidal correction" 
rather than by applying the prismoidal formula exactly? 

37. Verify and write out the detailed determination of all 
quantities in the numerical example of section 58, which are not 
already worked out in that section. 
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8^. SkfU'Ii B c rose -st'ft ion liaviiifj two intermwimte points 
VMiBido t)it« b]'()|ki Btnke nii each Bule of the center. Imlicate Uie 
dixtaiicu tit each point out from tiie center und its height Hhnre the 
It-vi'l (if tho roadbed hy a lettiT, then write out an expression for 
th» aroH whii'h Hhull ix> similar to oqiiHtiou rift by a strict ttppliea- 
liun of the rule jiriiitfd in italics in section 00. 

3SI. Sltite the a[i]»roxImate rule for determining the pris- 
iiioidal correction for a section of earthwork having " iri-egiilar " 
end seclions, 

40. Verify in detail tlie determination of the quantities in 
the tabiil»r form for rt^iieing field notfs in section 02 which are 
opposite "Sta. 45." 

41. What are "borrow pits?" What is their iisujil form 
and what in the method of computing the volume '! 

42. Why is it that there ia nsiialiy a "correction for ciirva- 
ture " in earthwork computations '( Under what coudilioiiB is the 
correction zero? 

4'.i. What ia the approximate method of computing the ec- 
centricity of the cenler of gravity of ti sei.>t!on when the sectio^i ia 
"irivgiilarr' 

■II. Descrihe Imw you determine the eccentricity of the 
center of gravity of a " side hill section." 

45, What is the fnndaniental difference lietween a detonating 
and a Blow-biirning blasting powder? 

40. How Kuich blasting powder should lie used in .i blast- 
hole when the line of least resistance is 8 ft.! How much dyna- 
mite would serve the same purpose? 

47. What are the general iiiethods of hand drilling ? What 
nietho<l of hand drilling should be adopted in a tunnel heading 
wlu'R! rapidity of work is of great importance? 

48. Why iB tamping important? 

4St. What is the usual method of exploding blasting charges? 

DO. Discuss the shrinkage of earthwork enUmnknients. 
What metliods are adopted to make earth embankments ]>ermanent? 

ol. What is the usual classification of excavated material 
and how are the different classes distinguished ? 

52. What is the basis of the financial imjKirtance of accurate 
tunnel surveying 1! 
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58. Describe the distin^uishincj features of iindergroiind 
snrvevs. 

54. AVbat is the method of transferring distance, elevation 
and true direction from the surveys to the l)()ttom of a shaft ? 

55. What principles underlie the design of the cross-section 
of a tunnel ? 

50. What grade should be em])loyed in a tunnel and what 
are the practical limitations ? 

57. What sbouhl be the cross-section of a timber-lined tun- 
nel and why? 

58. Wherein lies the practical dilHculty in constructing a 
portal of a tunnel ? 

50. What are the advantages and disadvantages of pile 
trestles ? 

60. What are the advantages and disadvantages of the differ- 
ent methods of pile driving ? 

61. How much is the safe load that can be placed on a pile 
which is driven by a steam hammer, the hammer w-eighing 5,500 
lb. and having a fall of 40 inches when the penetration due to the 
last blow is li inches ? 

62. What is a mortise joint (in trestle building) and what 
are its ad van taws ? 

63. Describe some of the features of multiple story construc- 
tion of trestles. 

64. Describe the methods of making temporary foundations 
for trestles. 

65. Why are trestle stringers usually made of comparatively 
high but narrow timbers ii 

66. What are ''separators" in trestle work and why are 
they used ? 

67. What are corbels and why are they used ? 

68. What are the functions of guard rails on trestles and 
how should they be located with reference to the traction rails i 

69. Describe, using a sketch, what you consider tlu^ best 
method of elevating the outer rail on a trestle and give your reason? 
for the use of that method i 

70. What features govern the choice of wood in trestle cor 
struction ? 
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1« What 18 the chidF cause of die ikteriofaiioQ of looamotiTe 
bml^rs due to impure water suj^y? 

2. What are the diief difficult^ ciEKxmnteied in 
tion of engine houses and how are die difficulties met? 

3. What ekanents must be.conaidered in computing the total 
cost of any kind of railroad tie? 

4. What is the prderabk meihiDd of locating titt 
to rail joints? 

5. Assuming that an 85-pound rail and a 7Q-pound rail have 
similar cross-sections, what is the relative stiffness ? 

0. What are tlie elements of a perfect rail joint and why is it 
impossil)le to prcnluce a i>erfect rail joint for steam railroad work? 

7. Why are plain smooth spikes preferable to spikes which are 
jagged ? 

8. What are the three principles which form the basis of the 
design of nut locks? 

9. Give a brief statement bi the general methods of obtaining 
a pure water supply. 

10. What are the elements of an ideal form of ballast? What 
the disadvantages of "mud" ballast? What are the advantages of 
stone ballast? 

11. What are the causes, other than mere decay of the wood, 
which recpiire that ties should l)e renewed? 

12. What are the features of the A. S. C. E. rail section which 
are constant for all weights of rail and what are the proportions which 
are constant or nearly constant? 
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13. What are tlie advantages aiui (lisa<i vantages in using very 
long rails? 

14. Wliat are the advantages obtained by the use of tie plates? 

15. How many track bohs in a mile of single track using six-bolt 
splice bars and 30-foot rails? 

If). How much is allowed for rail expansion and how is this 
practically provided for? 

17. IIow much gap would you allow at a rail joint when the 
temperature of the rail at the time of laying is 45° F ? 

18. What should be the middle ordinate of a 30-foot rail bent 
to a 40° curve? 

19. Wliat should be the superelevation of the outer rail for a 
60° curve when the maximum speed is 45 miles per hour? 

20. If the maximum speed for trains is assumed at 60 miles per 
hour, what will be the length of a string or tape which, when stretched 
as a chonl inside the rail, will give a middle ordinate ei|ual to the 
rec|uired superelevation ? 

21. What is the fundamental advantage of a |>oint switch over 
a stub switch ? 

22. Suppose it were required to make to order a frog having 
a frog angle of 6° 30'; what would be the frog numl)er? 

23. Verify the calculations for the length of the lead of a switch 
from a straight track using a No. 8 frog on the basis, first, of circular 
lead rails, and second, of straight point rails and straight frog rails, 
using the values given in Table III. 

24. If a No. 8 frog has been used in switching from a straight 
track, what will be the radius of the connecting curve when the dis 
tance between track centers is 13 ft.? 

25. What will be the length and radius of the ccmnecting curve 
nmning from a switch on the outside of a main track, which is a 4° 30' 
curve, the frog used l)eing No. 9 and the distance In^tween the track 
centers 13 ft.? 

26. Make all the computations for the location of a turnout to 
the insi<le of a 4° curve using a No. 8 frog. 

27. Wiat are the different kinds of tracks making up a freight 
yard ? 

28. By what devi(*e is engine service economizecl in planning 
a freight yard? 
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2f). What is the basic principle of the ahsohite IJcnk system of 
signahng? What is pennissive blocking? 

30. What are distant signals? How do they facilitate train 
speed ? 

31. What is the principle of automatic signal systems? 

32. What are the arguments for and against semaphores as 
compared with enclosed signals? 

33. How much will be the change of length of a signal wire or 
pi|)e which is 1,2(X) feet from the signal tower for a change of tempera- 
ture from 120° F. to 0°? How will such a change of length Ix* neu- 
tralized in the com|)ensating mechanism? 

34. By what device will an electro-pneumatic signal l>c set at 
danger if there should \)q a failure of either the electric current or the 
pneumatic pressure ? 

35. Upon whom must the responsibility rest in the case of a 
collision in a yard operated with interlocking switches and why ? 

3(). In what way will the careless use of the track gauge give 
inaccurate residts and whv? 

37. What is the danger involved in the use of track jacks ? 

3S. Under what conditions is it economical to provide sleeping 
and dining accommcxlations for the work-train gang? 

39. Under what conditions is the ditchinir work of a work-train 
<;aii^' ahnonnally cxpciisivi*? 

40. What is tiic most economical inctluxl of (h'strii)utin^ tics 
for I'cncwals? 

41. Under wliat conditions is it clicapcr to load i)alhist from a 
l^rnvcl j)it hy hand lal)or? 

42. Under what con<litions is it clieaper to fill up trestle sites 
rather tlian r(4)uild the trestles? 

4.'». What ])recautions must be taken in refillin<^ high trestles? 
4 1. What are the (jiialifications for a successful roadmiLster? 
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1. Discuss the two classes of financial interests which are 
concenuHl in the ownership of railroads — indicating the security and 
profits of each. 

2. Describe methods of estimating the probable volume of 
traffic on a proposed road, indicating particularly the factors which 
must l)e taken into consideration in making such a calculation. 

3. Discuss the division of the gross revenue and the percent- 
ages which are ordinarily spent in operating expenses, fixal charges, 
and dividends. 

4. Discuss operating expenses per train mile; their uniform- 
ity for heavv and light traffic roads: the tendencv toward variation 
of the chief items. 

5. Discuss the items of exjx'nse per train mile which are 
affecttnl by a small increase in distance. 

(). By the cutting of a tunnel through a sharp l)ow in the line 
of a railroad following a river bank, the total length of the line would 
Ik* shortened 2.() miles. What would be the justifiable expenditure 
that might be made for the construction of the tunnel, money IxMng 
obtainable at 5 per cent, and the traffic of the road lH»ing 10 trains per 
(lav each wav. 

7. Discuss the items of expense per train mile which are 
aifcH'ted bv curvature. 

«S. Assume that the elimination of the lK)w-line in the railroad 
along the river {svc (Question (J) will cut out 174° of curvature. How 
much further expenditure for purposes of construction would this 
item justify? 
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9. Discuss curve compensation; the reasons for its use; the 
▼alnes which should be employed. 

10. Explain the distinction between 
minor and ruling gr«d«,. 

11. What is the meaning of ^< velocilj 
head"? What is the yelocitj head of a* 
train when moving at the following veloci- 
ties in miles per hour: 21; 27.4; 32.25? 
What velocities correspond to velocity 
heads of 18.58; 88.92; 49.25 1 

12. Explain the fundamental principle 
of a virtual profile, and describe its use and ^ | 
possible misuse. 

13. Olassify ^^ minor grades" on the 
basis of their effect on operating expenses. 

14. Discuss the effect on operating 
expenses of a sag or a hump on a grade line. 

15. Compute in detail, giving reasons 
for the various steps, the operating value 
of filling up the sag A B C in the accom- 
panying illustration, assuming that there 
are nine heavy freight trains and four 
heavy passenger trains |)er day each way. 

10. Discuss the distinctive elements 
of a ruling grade. 

17. An ** Atlantic" type passenger 
engine, with loaded tender x/eighs 278,000 -tf^^ — ^ 
])Ounds, the weight on the drivers l>eing 
84,000 pounds. How many tons of cars 
can it haul up a 1.70 per cent grade when 
the tractive resistance on a level is 7 pounds 
and when the tractive adhesion is ^ ? 

18. Discuss the elements of the cost 
of an extra engine to handle a given gross 
number of loaded cars. 

10. How much may justifiably be 
spent to reduce the rate of a ruling grade 
frpui 1.7 per cent to 1.0 per cent when 
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there are 10 trains per day operating against those grades ? As- 
sume that the trains are hauled by consolidation engines weighing 
324,000 pounds, with 181,200 pounds on the drivers; assume 6 
pounds tractive resistance on a level. Give all the details of the 
computations and state the reasons for each step. 

20. Demonstrate the fundamental principle in the economy 
of pusher grades. 

21. Given a maximum grade of 2.10 per cent, what would be 
the corresponding through grade if <hu' pusher engine is used — 
the engine l)eing of the type described in Question 19 ? If tioo 
pushers were used on the 2.10 per cent grade, what would Ix^ the 
corresponding one-pusher and through grades ? 

22. Discuss the elements of the cost of the operation of 
pusher engines. 

23. With the data of Problem 11), assume that the 1.7 per 
cent grade is to be treated as a pusher grade. (Compute the cor- 
res[)onding through grade and then compute the value of such a 
method on the basis that there are three pusher grades of 4, 6, 
and 7 miles. / 

24. Discuss the fundamental principle of the " balance of 
grades for unequal traffic". 

25. Describe the method of making speed observations for a 
study of the cajiacily of locomotives on gradt's. 

26. On a 1.2 per cent gnid(\ biusti lines of 440 ftM.it each are laid 
out, the bases being S,200 fi^ot apart. A train with cars weighing 
51K) tons, drawn by a consolidation engine weighing 107 tons, runs 
uj) the grade, passing the lower bjise in 1\)S\ seconds and the upjier 
base in 11.2 seconds. "What is the total excess power of the 
engine ? IIow many additional tons could it draw up the grade if 
the normal tractive resistance is |)ounds per ton i 

27. IIow much additional energy per ton must an engine ex- 
ert in order to give to a train a vt^locity of 30 miles per hour in a 
distance of 2,000 feet, starting from rest ? 

2S. Discuss the economics of heavy rails. 
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